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This contribution is the abstract of our pa- 
pers on “Preparation, Properties and Application 
of the Electrodeposited Lead Peroxide Anode, 
Part 2-13” already published in Japanese in 
the Journal of the Electrochemical Society of 
Japan, (Part 2, 3, 7, 10, 11, 12), the Journal 
of the Chemical Society of Japan (Part 6, 7, 8) 
and the Journal of the Society of Chemical 
Industry, Japan (Part 4, 5, 13). 

Our lead peroxide electrode newly prepared 
consists entirely of pure lead peroxide PbO, and 
has the shape of a rectangular piece or of a hol- 
low cylinder with a bottom. It can be used as an 
insoluble anode for the electrolysis of aqueous 
solutions containing such anions as Cl-, Br-, 
I-, F-, C10-, 010,-, C10,~, 80,--, KO,-, 
CO;--, C,H;0.,-, ete. It has a high oxygen 
overvoltage comparable to that of platinum. 
So it can also be used as an anode for elec- 
trolytic oxidation in place of platinum. 


layer could be deposited electrolytically from 
neutral lead nitrate solution upon the inner 
surface of iron or nickel cylinder which acts 
An example of the electrolysis was 
as follows:  electrolyte—24.1%2 lead nitrate 
solution ; anode—iron cylinder with surface 
polished inside, length 1,000mm., inside diame- 
ter 252mm., thickness 9mm., weight 60 kg., 
available surface area 78.85 dm*.; cathode— 
copper rod (diameter 45mm.); mean current 

549 amp.; anodic current density (D4)-—-6.96 
amp./dm?.; voltage—10.7 v.;  temp.—79.7° ; 
flow velocity of electrolyte—121./min.; dura- 
tion of electrolysis-—47 hrs. 

During the electrolysis, pH of the electrolyte 
and the concentration of Pb** must be main- 


as anode. 


tained as constant as possible by running the 
electrolyte at constant velocity and neutralizing 
the increasing acidity by Pb(OH),. 
paratus is shown in Fig. 1. 


The ap- 


Elect rolyte 


Fig. 1—1, Iron cylinder; 2, lead peroxide layer deposited; 3, neutralization tank; 4, heating tank. 


Preparation of the Lead Peroxide 
Electrode 


Two different methods were established b 
the authors. 
(a) Method 1.°°—Compact lead peroxide 


(1) K. Sugino, K. Kawamichi, T. Osuga and S. 
Kitahara, Part 9 of this series (unpublished). A 


In an example, the lead peroxide deposited 
was 8-10 mm. thick. At first, two cylinders of 
300mm. in length were cut from the mother 
cylinder, then by cutting the iron part of the 
cylinder lengthwise, a lead peroxide cylinder 
of suitable strength and compactness as well as 
of a smooth outer surface was obtained (dia., 
part of this research was reported in Part 2.'of 
this series. 
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250mm.; length, 300 mm.). The lead peroxide 
cylinder was then separated into sixteen parts 
by cutting it again lengthwise. One part of the 
lead peroxide thus obtained has the shape of 
a rectangular piece shown in Fig. 2. Its di- 


Fig. 2. 


mensions are as follows: length—300 mm. x 45 
mm.; thickness—S~10 mm. 

(b) Method 2.°—If the outer surface of 
the metal cylinder was used as anode in 
the above method, the deposition of lead 
peroxide was very brittle and easily breakable 
due to the difference of expansion coefficient 
between the metal and the oxide. It proved 
later, however, that a compact and strong 
layer could be obtained by a similar method 
to (1) even on the outer surface of cylin- 
drical anode if a soft and non-metallic 
conducter was used as anode surface of electro- 
deposition under suitable conditions. 

For example, compact lead peroxide layer 
was deposited from the neutral lead nitrate 
solution to a considerable thickness on the 
outer surface of a rotating rod whose surface 
was consisted of paraffine-graphite mixture. 
The electrolytic apparatus is shown in Fig. 3. 

By taking out the rod by a suitable method, 


Fig. 3.—1, Paraffine-graphite mixture; 
2, lead peroxide deposited. 


(2) K. Sugino and Y. Shibazaki, J. Electrochem. 
Soc, Japan, 16, 9, 10 (1948), (Part 10, 11). 
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a hollow cylinder oftlead}peroxide 
with sufficient strength and com- 
pactness was obtained. It has 
the same shape as the magnetite 
anode commonly used as is shown 
in Fig. 4. 

It can be therefore readily 
used for the electrolytic bath for 
chlorate. An example of the 
electrodeposition was as follows. 
Conditions of electrodeposition: 
electrolyte—Pb(NO;), 330~380¢. 
/1., Cu(NO3). 10~30 ¢./1., NaClO, 
60~80g./1.; Da—Tamp. /dm?.; vol- 
tage—5~6 v.; temp.—27~31°, 
acidity —0.01 ~0.03 N.; neutraliza- 
tion reagent—PbCO,; (electrolyte 
is not flowed); duration of elec- 
trolysis—23 hrs.; lead peroxide electrode ob- 
tained: length—550mm.; thickness—6.5mm.; 
diameter (outer)—54 mm.; diameter (inner)— 
41mm.; weight—4.8 kg. 


Fig. 4. 


Application of the Lead Peroxide 
Electrode 


A. As an Insoluble Anode 


Electrolytic Production of Potassium 
Chlorate.‘®—From the standpoints of conduc- 
tivity and durability, our lead peroxide elec- 
trode appears to be superior to graphite or 
magnetite as anode material for chlorate pro- 
duction. This electrode is a good conductor 
carrying the current of above 20 amperes per 
square decimeter of the suriace. In addition, 
it is almost perfectly insoluble, practically no 
decrease of weight being perceptible during the 
course of electrolysis of sodium chloride solu- 
tion. Our experiments showed that this elec- 
trode was a most suitable material as anode 
for chlorate production. An example of the 
preparation of potassium chlorate was as fol- 
lows. Conditions of electrolysis: cathode— 
Fe; electrolyte—KCl 32 g./100 ce. solution, 0.2 
g. Na,Cr,0O; added, slightly acidified with HCl 
during the electrolysis; Ds—20amp./dm*.; 
voltage—3.3~4.0 v.;  temp.—60~80°. After 
33.0 amp. hr. was passed, 20.35 ¢. of KCIO; 
(crystal obtained at 15°, 19.02 ¢.) was formed. 
Current efficiency, 81%. KCl1O, was not pro- 
duced at all. 


B. As Anodes for the Electrolytic 
Oxidation 


(a) Electrolytic Production of Sodium 


(3) K. Sugino and M. Yamashita, J. Llectro- 
chem. Soc, Japan, 16, 123 (1948), (Part 12). 
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Perchlorate.“’—Since the oxygen overvoltage 
of lead peroxide is thought to be comparable 
to that of platinum, it is easily conceivable 
that it can be used for the electrolytic oxi- 
dation of sodium chlorate. So far, however, the 
lead peroxide anode formerly used has been a 
thin film electrolytically formed on the surface 
of a lead plate and proved to be useless for 
perchlorate production as the lead dissolves 
readily. But our lead peroxide electrode was 
found to be perfectly insoluble when it was 
used for the same purpose. So the authors have 
carried out fundamental and semicommercial 
experiments for the electrolytic preparation of 
sodium perchlorate with this anode. Main 
results obtained are shown in Table 1. 
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direct process for the electrolytic production of 
sodium perchlorate. By the use of our lead 
peroxide anode, it is easily conceivable that 
the electrolytic preparation of sodium perchlor- 
ate is performed by a single electrolysis of 
sodium chloride solution. The results showed 
that with a current efficiency of about 60%, 
almost pure sodium perchlorate (purity being 
above 99.4-99.9 %) was easily obtained directly 
from sodium chloride. The conditions of elec- 
trolysis were as follows: electrolyte—saturat- 
ed sodium chloride solution; anodic current 
density (D4)—15~20 amp./dm?*.; temp.—Cl—> 
ClO; 60~65° (initial stage of electrolysis), ClO3 
—»> ClO, 30~35° (final stage of electrolysis). 

Main results obtained are shown in Table 2, 


Table I 

Reaction 

percentage Current 
NaClO, — efficiency, % 


Cathodic 


Expt. current 
No, Cathode density, 


Current Mean 
conen., voltage, 
amp./1. v. 


Temp., 
° 


amp./dm?. 
18-8 stain- 29 
less steel 7 
? 
y 


26 


Electrolyte: Saturated sodium chlorate solution (20°). 


Table 


Current 


Quantit quantity 


Cathode of NaCl 
used, g. 


Voltage. 


amp. hr. 


18-8 stain- 
less steel 


a 0 3.9~). 237 


250.5 


a a 3.9~5.3 222.5 


Cr plating iron 231 


As is clear from the table, an addition of 2 
g./l. of sodium fluoride was found to have a 
very marked effect in increasing the current 
efficiency. Thus, in Expts. 2 and 3, the result is 
about the same as the case of platinum anode. 
Expt. 4 was a semi-commercial experiment, using 
600 ampere cell. With a current efficiency of 
72%, the reaction proceeded to 99.5%. 

(b) Direct Electrolytic Production of So- 
dium Perchlorate from Sodium Chloride.“” 
—The authors established a new simple and 


(4) K. Sugino and M. Yamashita, J. Electro- 
chem, Soc. Japan, 15, 61 (1947), (Part 3). S. Kita- 
hara and T. Osuga, J. Electrochem. Soc. Japan, 10, 
409 (1942), (Part 2). A part of this research was 
reported in the earliest paper of this series: Y. 
Kato, K. Sugino, K. Koizumi and S. Kitahara, 
- -reammemaaaes Journal, Japan, 5, 45 (1941), (in En- 
glish). 

(5) Reference (4),:(Part 3). 


consumed, NaCl, NaClO.,, NaClOy ClO,-ClO, 


NaClO,, % 
4.4 29~¢ 99.91 40.9 
82.9 
81.8 


72.2 


4.5 99.60 
4.6 3: 98.40 
5.1 5 99.53 
Anodic current density (D4): 20amp./dm?*. 


9 


Reaction 
percentage, 


After electrolysis Current 
efficiency, 
% 

g. g. g. % : 
) 0.0216 83.77 99.97 58.5 


61.9 
65.9 


63.4 


99.95 
99.51 


99.37 


83.75 
83.38 
83.26 


0 0.0352 
0) 0.3600 
0 0.4610 


As the two different electrolytic processes 
(Cl + ClO3, ClO, — ClO,) seemed to take place 
successively, a small amount of hydrochloric 
acid was added from time to time during the 
primary stage in order to maintain the electro- 
lyte slightly acidic,and when the chlorate forma- 
tion was almost completed, a small amount 
(2 g./1.) of sodium fluoride was added at a time 
for increasing the current efficiency of electro- 
lytic oxidation. 

(ec) Electrolytic Preparation of Ammo- 
nium Persulfate® (Hydrogen Peroxide).— 


(6) K. Sugino, J. Mizuguchi, M. Yamashita 
and K. Odo, J. Soc. Chem. Ind. Japan, W, 34, 36 
(1948), (Part 4, 5). K. Sugino, J. Mizuguchi and 
M. Yamashita, J. Chem. Soc. Japan, 67, 108 (1946), 
(Part 6). K. Sugino and M. Yamashita, J. Chem. 
Soc. Japan, 67, 110 (1946); J. Electrochem. Soc. 
Japan, 16, 120 (1948), (Part 7). K. Odo, J. Chem. 
Soc. Japan, 67, 129 (1946), (Part 8). 
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Electrolytic preparation of ammonium per- 
sulfate has also only been successfully accom- 
plished by the use of platinum anode. Trials 
of electrolytic formation of persulfate by the 
anodes other than platinum (PbO., MnO., Fe,0,, 
graphite etc.) were already undertaken in vain 
by a few authors.‘?? The authors have there- 
fore tried the application of our new lead pe- 
roxide electrode for this purpose. 

Preliminary experiments have been conducted 
in the same conditions as in the 
platinum anode. The conditions of electrolysis 
were as follows: cathode—Pb; anolyte and 
catholyte—a mixture of 28% (NH,).SO, and 
30% H,SO,; Dsa—50 amp./dm*.; porcelain 
diaphragm was used; addition agent—none. 

Though the formation of ammonium persul- 
fate was definitely observed in each experiment, 
its maximum concentration in anolyte never 
exceed 2-3 %, which was followed by a gradual 
decrease by the prolonged electrolysis, the total 
current efliciency being also only a few percent 
as already reported by another author.“? Upon 
examining the electrolytic conditions specially 
suited for lead peroxide anode, the following 
ones were found as such: 

(1) Lowering of the anodic current density 

to about 10 amp./dm*. 

Selection of a suitable composition of 
electrolyte: 10~20% sulfuric acid solu- 
tion saturated with ammonium sulfate. 
Addition of hydrofluoric acid to anolyte: 
10~60 ¢g./l. 

Increase of current concentration, if de- 
sired. 

The addition of 50~60g./l. of hydrofluoric 
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the industrial preparation of ammonium per- 
sulfate. 

Furthermore, the plan of the flow diagram 
of the new process of the preparation of con- 
centrated hydrogen peroxide by this electrolytic 
method was established and a semi-commercial 
experiment has been conducted and completed 
successfully by Assist. Prof. J. Mizuguchi. But 
the results are omitted in this paper. 


Oxygen Overvoltage of Lead Peroxide 
Anode in Sulfuric Acid and its 
Variation in the Presence 
of HF“ 


Oxygen overvoltage of lead peroxide anode 
in sulfuric acid solution (1N and 30%) was 
measured at various current densities by the 
direct method and the values obtained were 
compared with that of the smooth platinum 
anode.” The oxygen overvoltage of lead 
peroxide was found to be somewhat lower than 
that of platinum at a definite current density 
(for example, 0.16 v. lower at 1 amp./dm/*.). 
The overvoltage (7¥) is shown in Fig. 5 
against the logarithm of the anodic current 
density (D4). 

The variation of overvoltage with current 
density could also be expressed by the usual 
equation, 


xz=at+b log I 
(from 10 milliamp./dm?. to 1 amp./dm+*.), 


and the value of b of lead peroxide and 
platinum was found to be 0.13 and 0.18 respec 
tively at ordinary temperatures. The inferiority 
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Cathode—Pb; anolyte—98% H,SO, 10 ¢./100cc., (NH4)2S0, 53 g./100 cc., HF 5~6 g./100cc.; 
catholyte—saturated ammonium sulfate solution. Porcelain diaphragm was used. 


acid to anolyte was of a specially marked effect: 
about 20% ammonium persulfate solution could 
be obtained with a current efficiency of about 
60% as is seen from Table 3. This result of- 
fers a possibility of the use of this anode for 


(7) Skirrow and Stein, Trans. Am. Electrochem. 
Soc., 38, 209 (1920). 
(8) R. Matsuda, This Bulletin, 12, 331 (1937). 


(9) K. Sugino, T. Tomonari and M. Takahashi, 
J. Soc. Chem. Ind. Japan, 52, 75 (1949), (Part 13). 

(10) Oxygen overvoltage at platinum anode has 
been found to be higher than that at lead per- 
oxide anode by several investigators, (ior example, 
E. Miller, Z. Elektrochem., 10, 61 (1904)). 

(11) A few authors recorded a higher value of 
overvoltage of lead peroxide than that of platinum 
(E. Miller, Z. Elektrochem., 11, 865 (1905); Tsutusi, 
Bull, Electrotech, Lab. Japan, 6, 91 (1942)). 
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1.3 


Vv. 


4 


TV, 


Overvoltage 


2.0 3.0 4.0 5.0 
log D4 x 10-® amp./em?. 

Fig. 5.—Overvoitage of lead peroxide and 
platinum in H.SO,(1N) at 30°C.: Curve 1, 
PbOg, Curve 2, Pt.: at Da=1 milliamp./em?. 
PbO? 0.86 v., Pt 0.99 v.; at D4=10 milliamp./ 
em, PbO, 1.00 v., pt 1.16 vy. 


of the current efficiency of electorolytie oxi- 
dation process at lead peroxide anode may be 
due mostly to the above difference of overvol- 
tage at definite current density. 

The variation of overvoltage of lead peroxide 
due to the addition of various amount of 
hydrofluoric acid was also measured.‘ The 
result obtained is shown in Fig. 6. 

It was found that the overvoltage increased 
in a linear manner with the logarithm of the 
concentration of hydrofluoric acid added. This 
relation may be expressed by the following 
equation. 


az = 1.10 + 0.04 log Cur (mol. 1.) at 
1 amp. /dm?*. (Cyr =0.05~5 mol. /1.) 


The study of the rate at which the potential 
of the anode falls after the polarising current 
being switched off has been also made by the 
authors using a modified Bearth circuit, and 
it was found that the plot of the potential 
against the logarithm of the time was a 
straight line and the discontinuity could not be 
found in that curve on the contrary of Isgaris- 
chew’s observation, 

In conclusion, the author wishes to express 
his sincere thanks to Dr. Y. Kato, a professor 
emeritus of Tokyo Institute of Technology, 
ior his kind advice and encouragement in the 
initial stage of this research. The author also 
extends his thanks to the Nippon Carbide 
Industries Company Inc. and Mr. Okumura, 
President of the said company, for the conve- 
niences and funds furnished to this research, 
and to Mr. K. Kawamichi, Director of the 
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Curve 1, 10x 10-*amp./cm*.; Curve 2, 5x 
10-7 amp./em*.; Curve 3, 2x 10-3 amp./em?.; 
Curve 4, 1x 10-* amp./cm?*. 

Fig. 6.—The variation of overvoltage of lead 


oxide anode in H,SO,(1.N) due to the addi- 
tion of various amount of HF. 


same company, for his kindness and collabora- 
tion for the industrial production of this 
electrode. Thanks are also due to his col- 
laborators, specially to Mr. T. Osuga of the 
same company, Assist. Prof. J. Mizuguchi and 
Mr. M. Yamashita of Tokyo Institute of 
Technology, Prof. Dr. T. Tomonari and Assist. 
Profi. Y. Shibazaki of the Yokohama Institute 
of Technology who gave earnest and valuable 
collaboration in the investi- 
this study 
Scientific Research 


and 
A part of the 
from the 


assistance 
gations. cost of 
was defrayed 


(12) It has already been noted that the pre- 
sence of fluoride ion in the electrolyte increases 
anodic overvoltage (E. Miller, Z anorg. Chem., 
48, 112 (1906); Z, Elektrochem., 13, 257 (1907); N. 
Isgarischew, Z. Elektrochem., 80, 138 (1924)). 
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Expenditure Grant from the Ministry of 
Education as well as from the funds of the 
Nippon Match Industrial Co., Ltd., to which 
thanks are due. 
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Laboratry of Organic Electrochemistry 
and Biochemistry, Tokyo Institute 
of Technology, Tokyo 


Uber den Reaktionsmechanismus der Dianthracenbildung aus 


Anthracen. 


Ill 


von Momotaro SUZUKI 


(Eingegangen am 


Kiirzlich habe ich berichtet™ wtber die Ver- 
suchsergebnisse der photochemischen Umsetzung 
des Anthracens ins Dianthracen. Hier spielte 
sich die Stosszahl zwishchen verschiedenen 
normalen bzw. aktivierten Molekularten gele- 
gentlich eine wichtige Rolle, und ergab sich 
unter anderem ein selektiver Einfluss der Kon- 
des Substrats d.h. die Elementar- 
prozesse, die unter dieser photochemischen 
Umsetzung nebeneinander vor sich gehen kon- 
nen, je nach dem drei Konzentrationsgebiete 
des Anthracens, verschiedene Reaktionsgesch- 
windigkeitswerte annehmen, und zwar konnen 
bestimmten Elementarprozesse im 
bestimmten Konzentrationsgebiete bevorziugen. 

In der vorliegenden Arbeit habe ich um den 
Reaktionsmechanismus dieser Umsetzung uber 
Konzentrationsgebiete des Anthracens 
bearbeitet sowie auch nach dem 
vorgeschlagenen Reaktionsschema berechneten 
Werte mit den vergleicht. Es 
befand sich dass, durch dieses vorgeschlagene 
Postulat den Reaktionsmechanismus 
dieser Umsetzung die gute Ubereinstimmung 
zwischen Mess- bzw. Rechnungsresultate klar 
veranschaulicht wurde. 


zentration 


einige 


ganze 
austihrlich 


gemessenen 


ganzen 


d.h. 
von der Absorption des Lichtes durch Anth- 
racenmolekule bis zur Bildung des Endprodukt 
Dianthracens, sind alle moglichen Elementar- 
prozesse, die man uberhaupt annehmen kann, 
etwa folgendermassen zu formulieren. 


In dem Verlauf der ganzen Reaktion, 


(I A+hy-> A’, 
(II-a) A +A!’—>D)’ 
(II-b) A +A!'—>2A, 
A+A!— A'+A, | 
A'+ L A, 
D'+A —>D+A’, 
Di+A >2A+A!, | 


oder ; 
(II-c) (1) 
(III-a) 


(I1I-b) 


(1) M. Suzuki, I Mittieilung, Dies Bulletin, 18, 
146 (1943); IL Mitteilung, ibid, 22, 172 (1949). 


27, Dezember, 1949) 


(III-c) D'/+L—-D, 
L: Losungsmittelmolekil 


Die erste Stufe ist der Lichtabsorptionsvor- 
gang, dessen Produkte die angeregten Molekul- 
gebilde sein sollen, da hier die freien Atome 
oder Radikale keine Rolle spielen“ Die Zeit, 
die diese Prozesse in Anspruch nehmen werden, 
ist vermutlich hochstens 1071! Sek.4; das 
schliesst jeglichen Einfluss dieser Prozesse aui 
die Reaktionsgeschwindigkeit aus. Auch kann 
man wohl annehmen, dass die Quantenausbeute 
dieser Elementarprozesse 100% ig ist. Wir 
wollen uns uber das Verhalten solcher angereten 
Gebilde in unserem photochemischen Vorgang 
etwas eingehender orientieren, soweit man 
dariiber nicht aus vorliegenden unterrichtet ist. 
Die Prozesse (II-a), (II-b) oder (II-c) sind 
solche, worin die angeregten Anthracenmolekile 
(A’) auf dreierei Weise verschwinden. Erstens 
bildet ein A’-Molektil durch den Stoss mit 
einem normalen Anthracenmolekiil A ein Dian- 
thracenmolektl. Dabei muss man bericksich- 
tigen, dass die WiirmetOnung dieser Umsetzung 
sehr klein, ja sogar fast Null ist“ und daher 
die aufgenommene Lichtenergie beim Stoss mit 
einem A-Molekiil wieder an das neugebildete 
Dianthracenmolekil als iberschussige oder Ak- 
tivierungsenergie dessen tUbertragen werden 
sollte, wenn nicht der angeregte Zustand durch 
fiussere StOrungen, wie etwa dreier StOsse, zu 
einer Riuckkehr in den normalen Zustand 
gezwungen wird. Es handelt sich also bei einem 
so gebildeten Dianthracenmolektl um_ kein 
normales sondern um ein angeretes(D’). Zweit- 
ens wird ein A’+Molekul durch den Stoss mit 
einem A-Molekil desaktiviert und dabei konnte 
der Stosspartner A-Molekiil wieder aktiviert 
werden. Der Nutzeffekt der Desaktivierung bei 


(2) J. Franck und T. Rabinowitsch, Trans. 
Faraday Soc., 36, 128 (1934); M. Volmer, Ann, d. 
Phys., (4) 40, 775 (1913). 

(3) Luther und Weigert, Z. physik. Chem., 58, 
385 (1905). 
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diesem Stoss sollte viel grosser sein als der beim 
Stoss mit Losungsmittelmolekiil. Wie wir be- 
reits friiher darauf hingewiesen haben,‘ soll 
die Wahrschenlichkeit der Desaktivierung eines 
A-Molekiil durch Stoss mit einem L-Molekul 
(II-c) betrachtlich geringer sein als die mit 
einem A-Molekiil. Aus diesem Grunde konnen 


wir jetzt diese dritte Moglichkeit ohne weiteres — 


ausschliessen und nur (II-a) und (II-b) zuwen- 
den. 

Die dritte stufe, wo ein D’-Molekil versch- 
windet, ginge dann ganz analog wie oben vom 
A!'-Molekil gesprochen wurde, und dabei spielen 
wieder das A- und L-Molekil eine Rolle als 
Stosspartner. Beim D’A-Stoss in (III-a) und 
(III-b) unterscheidet sich nur das D’-Molekul 
vom A’-Molekil in (II-a, b, c), und die darauf 
folgende Entstehung ist ein normales D-Molekul 
und ein A’-Molekiil (III-a}. Hierbei spielt die 
Zerlegung eines D'-Molekuls wieder eine Rolle, 
wo es zusammen mit dem Stosspartner A- 
Molekiii in zwei A- und ein A’-Molekui zerlegt 
wird. Der A’L-Stoss (II-c) kommt hier auch 
in Frage, aber bei diesem Fall ist auch solche 
Wabhrscheinlichkeit so viel geringer, dass man 
sie durchaus unberiicksichtigt lassen darf, soweit 
es sich um den Fall handelt, wo die Wirkungs- 
stosszeit von AA’-Stoss kleiner als die vom 
A'L-Stoss ist. Hier muss wieder in Rucksicht 
gezogen werden, dass die erst durch Anthracen- 
molekiil aufgenommene  Lichtenergie ohne 
wesentliche Verainderung auf das angeregte 
Dianthracenmolekiil tibertragen und wieder auf 
das angeregte Anthracenmolekiil zurickuber- 
tragen wird.‘ 

Aui das Auftreten einer Ubergangsmolekiilart 
zwischen einem aktivierten Anthracenmolekul 
und einem Dianthracenmolekul hat Weigert‘? 
schon hingewiesen als ein Anthracenmolekul 
mit dreiwertigem C-Atom (9- oder 10-Stellung). 
Ob ein solches Molektil tberhaupt vorhanden 
ist, kann noch nicht genau bewiesen werden, 
immerhin ist man berechtigt, es als ein aktiviert- 
es Dianthracenmolektl zu. bezeichnen. Eine 
rontgenographische Untersuchung zeigt,°? dass 
ein Dianthracenmolekil aus zwei Anthracen- 
molekiilen besteht, die mit beiden paralellen 
Ringebenen genau tbereinander liegen und mit 
zwei an 9- und 10-Stellung gegeneinander 
ausubten Bindungen. Diese Behauptung ist 
aber noch nicht als ganz berechtigt anerkannt. 
Wenn man sich vorliufig das Molekul so 
vorstellt, so ist die Vermutung kaum wahr- 
scheinlich, dass beim AA’-Stoss die Verbindung 
bei der beiden 9- und 10-Stellung auf einmal 


(1927); A. 


(4) Weigert, : 
Schéneberg, Trans. Faraday Soc., 82, 514 (1936). 

(5) J. Hengstenberg u, J. Polceios, Ann. d. Soc. 
Exspan, d. Fis, y. Quim., 30, 5 (1932). 


Naturwiss., 


15, 124 
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stattfinden konnte, sondern man muss vielmehr 
annehmen, dass beim ersten Stoss die Verbind- 
ung beider Molekile nur an die 9- oder 10- 
Stellung veranlasst wird und die andere Stellung 
unverbunden oder sogar unter ganz lockerer 
Verbindung bestehen bleibt. Nun mit daraui 
folgendem AD!-oder D’'L-Stoss wird dieses 
Dianthracenmolekul in zwei Anthracenmolekile 
zerlegt oder in ein normales Dianthracenmole- 
kul stabilisiert. Ob dartber hinaus irgend 
eine Energieumsetzung erfogt oder nicht, bleibe 
einstweilen dahingestellt. 

Durch die eben erwiihnten Uberlegungen kann 
man sich ein Gebilde von einem angeregten 
Dianthracenmolekul vorstellen, und wir wollen 
nun versuchen, moglichst genau den Verlauf 
der ganzen Reaktion in allen Konzentrations- 
gebieten des Anthracens zu veranschaulichen. 

Im Gebiet A, wo die Konzentration des 
Anthracens sehr klein ist, wurde die Desakti- 
vierung durch ein Losungsmittelmolekiil ziem- 
lich stark beeinflusst, da die Wirkungsstosszahl 
der AA!-Stosse betrichtlich geringer ist als die 
A'L-Stosse. Demgemass wiirde die Reaktions- 
geschwindigkeit der Dianthracenbildung mit 
der Molekulzahl des Anthracens und zwar des 
normalen, die zur Vereinigung mit Aktivierten 
ins Dianthracenmolekul sowie zur Desaktivier- 
ung dessen vor sich gehen zunehmen. Dieser 
Vorgang zeigt sich in dem linken Teil der 
Kurven in Fig. 1 und 2 in der II Metteilung. 
Die Fluorescenzerscheinung, kommt bei der 
Anthracenkonzentration oberhalb 10-4 Mol/1. 
schon nicht mehr in Betracht, daher spielt sie 
hier in diesem Gebiet keine Rolle.© 

Ist nun im mittleren Konzentrationsgebiet B 
des Anthracens, also oberhalb bei einer bestim- 
mten Konzentration d. h. ungefihr 10-3 Mol 1, 
der Reagierenden die Wirkungsstosszahl der 
AA!-Stosse grosser als die der A'L-Stésse, so 
wird die Reaktionsgeschwindigkeit beherrscht 
von der Stufe, worin die AA’-Stésse die Haupt- 
rolle spielen. Daruber ist bereits in der ersten 
Mitteilung noch etwas ausfiihrlicher diskutiert 
worden.“ 

Mit kleiner Lichtintensitit der Bestrahlung 
verlingern sich die Kurventeile des Gebietes B, 
wie man aus der Fig. 1 in der II Mitteilung 
ersieht, d. h. der Bereich der Anfangskonzentra- 
tion des Anthracens, worin die Reaktion der 


Dianthracenbildung nach nullter Ordnung 


(6) P. K. Seshan, Proc. Acad. Se. A. 8, 148 
(1936); Trans, Faraday. Soc, 32, 689 (1936): D. 
Radulescu u. C. Dragulescu, Bull. Soe. Chem. 
Rumania, 17, 9 (1936); A. A. Shiahlovskij, Comp. 
Rend. Acad, Se. URSS., 15, 29 (1937); P. Pringsheim, 
Trans, Faraday. Soc,, 35, 15 (1939: G. B. Banerjea 
u. B. Mischra, ZPhys., 106, 669 (1937); 8, Sam- 
bursky u. G. Wolfsonn, Trans. Faraday. Soc. 36 
427 (1940). 
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verliuft, vergrossert sich noch weiter. 

Mit wachsender Anfangskonzentration des 
Anthracens wurde dann die stationire Kon- 
zentration des A'-Molekils immer grosser und 
der Vorgang (II-a) ginge so schnell, dass das 
Stadium nicht mehr als reaktionsgeschwindig- 
keitsbestimmend gilt, oder wurde die Bildungs- 
geschwindigkeit der D’-Molekile durch die 
AA'-Stésse grésser, so spielt dann der Prozess 
(III-a) eine wesentliche Rolle d. h. der Reak- 
tionsverlauf nimmt die Art des Gebietes C 
an. : 
Im obigen Sinne kénnen wir die Bildungs- 
bzw. Zersetzungsgeschwindigkeit der einzelnen 
Molekilarten im Gebiet C folgenderweise zum 
Ausdruck bringen. 


dA 


= — kod — (kar — ky')AA! 
dt 


(2-a) 


‘,!) AD! 


— (ky = 


dA’ 


(2-b) 7 — kod o- (key ob ky')AA!' 
( 


+ (ky + k,!)AD! 
dp! 


2k,AA!' 
dt 


— Oke + ky!) AD! 
2h,AD 


(2-c) 


(2-d) dD - 
dt 


Oder schematisch ausgedrickt, 


Dabei sind A, A’, D und D’ die Anzahl der 
Molekiile der jeglichen Molekilarten und ky die 
Konstante fiir den Lichtabsorptionsvorgang, ki, 
hy’, ky und k,' die Geschwindigkeitskonstanten 
und zwar k; bzw. kz fiir die Bildung der A’ 
bzw. D’-Molekiile und ki’ bzw. k,' fur das 
Verschwinden der A'-bzw. D’-Molekile. Fur 
die Bildung und das Verschwinden der D’- und 
D-Molekiile haben wir oben zwei A-Molekile 
in$Umrechnung gezogen. 

Unter Eliminieren von AA!’ und AD’ findet 
man nun aus den Gleichungen (2-a), (2-b) und 
(2-c) folgende Beziehung 


' 
x aA Ki dA’ , dD 


= Konst. (8 
de dt dt one. 


wo A, “ sowie v gewisse bestimmte Konstanten 


sind. Daraus kann man diejenige Losung mit 
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der Randbedingung, wobei fiir ¢ = 0, A = Ao, 
A' = 0 und D’ = 0 annimmt, in der Form: 


rn A¢ =? A) + pA! +: vyD' =at (4) 


ausgedrickt werden, wobei @ eine neue Kon- 
stante ist. Man sieht also, dass die Reaktions- 
variable immer auf eine Ebene im vierdimen- 
sionalen Raum von A, A’, D’ und ¢ beschriinkt 
sind. 

Wir wollen nun wieder annehmen, wie wir es 
bereits in der I Mitteilung fir das Gebiet B 
getan haben, auch hier fur das Gebiet C, dass der 
Konzentration der A’-Molekile einen bestimmt- 
en stationaren Wert zuzuschreiben ist, da es 
sich hier wieder um einen analogen Reaktions- 
mechanismus genau wie in Gebiet B handelt. 

Seizen wir also (2-b) gleich Null, so bekom- 
men wir 


dA’ 


= koJ — (Key = hy!) AA! 
dt 


+ (ki + ksN)AD! = 0 
AD'= 
kz + k,! 
1 ~ 
(KAA! — kod), (6; 


oa 


{(ki + ki')AA! — ko 


wobei Ki = ki + hi’ baw. Ky =k. +k,’ ist. 
Setzen wir (6) in (2-a) ein, so erhalten wir, dass 


rr ,? - 
dA nin (2 m _ - (0! _ Kz waa’ 
dt Ky ie 


=—a-—bA (7) 


wobei Ki! =k, —k,;' bzw. KX,’ =k, —k,’ und 


az kor = bzw. b =( i! _ win )a' sind. 
K K 


» 2 


Daraus folgt dann durch die Integration 
von (7) 
1 act bAy 


] 
“ a+baA 


(8) 
mit der Randbedingung von A = Ay bei ¢ = 0. 
Unter Umformen von (8) erhalten wir weiter 


a 


Denki wih aa 


+ Av) (9) 


Wir kommen jetzt zur Schitzung der Grossen- 
ordnung von A’. <Aus der Gleichung (4’) in 


der Il Mitteilung, haben wir bereits ” me 
‘Al 
RIV exp(— a weiter Pp = ~~ [7~ 


v~10' und exp (- sa) ~ 10-5, so ist k'! ~ 107. 





















































No. 4 October 1950) 
Ao, Nun aber unter Benutzung von gaskinetischer 
L: 3erechnung bekommen wir 
4) r 
2/ aRT 
Zi=1, Atel = 4o a/ u (10) 
on- 
Ns - wo o der Radius des Anthracenmolekils und 
en- M das Molekulargewicht des Anthracens sind. 
nkt Setzt man die Zahlenwerte in diesen Ausdruck 
ein, indem man bericksichtigt, dass 7 = 273, 
~ M = 178 und o = 1.38 x 10-4(")* 6.96 x 10-* 
t B M=178 und o =1.33 x 1 d =6.96 x 1 z 
der wobei Dichte des festen Anthracens d = 1.24 
nt ist, so erhalt man fur den Zahlenwert von 
_ Zins, aa 4.0 *% 1077", Aus (2) und (3) in der 
= II Mitteilung 
lt. 
n- J 
it Ss — ~ 1.7 x 105, (11) 
MsaVZaui, nmi ‘ 
indem man die Zahlenwerte, unter Versuchs- 
bedingungen J = 2.6 x 10” fur die gesammte 
Strahlung aus der Lichtquelle, V = 5cm., und n4 
fur die Konzentration von 1.0-10-? Mol/l. 
einsetzt. Da der Wert von A’ gegen A sehr 
klein ist, darf man e~”* = 1 — bt setzen. Und 
weiter erhalt man aus (9) 
a 
he 2 a's oi + Av) (12) 
a b r 
33 
Andererseits aus der Gleichung (5), erhialt 
, man 
koJ 
A= ee ee . aaa (13) 
Kj A'— K,D 
1 Daraus forgt aus (2-c) 
’ 
dD ii (2k, A'— 2K.D') koJ 
dt Ki A'— K,D'° 
(14) 
Druch Integration dessen bekommt man 
ky'A’ | K,A' — K,D! 
D' + n< fm cone pak.” = 2kyJt 
Kz K 1A 
(15) 






mit der Randbedingung von D! = () bei ¢ = 0. 
Berucksichtigt man hier aber, dass (III-a) in 
(1) die geschwindigkeitsbestimmende Stufe ist, 
so ist man berechtigt D'<A!' zu setzen. Dann 







np K,A' — K,D' Dd! : 
toigt In a _ - 9 oder mit 





wesentlich konstantem <A’ ist D!' eine lineare 







Funktion von ¢, und unabhiingig von Ay. Nun 
ist offenbar 
(Ay — A) —A'’— D' = D. (16) 
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Nun ist aber, aus der Gleichung (12), Ao — 
A linear von ¢ und A’ konstant und schliess- 
lich D! wieder linear von ¢. In der Messung 
der Dianthracenbildung in der  bestimmten 
Belichtungszeitdauer d. h. mit konstantem ¢ ist 
D also linear von Ay. Dass diese Schlussfolg- 
erung mit den Versuchsergebnissen in Gebiet 
C gut ubereinstimmt ist in den Tabellen 1 und 
2 sowie in den Fig. 1 und 2 in der II Mit- 
teilung klar dargesiellt. 

In der Tabelle 1 hat man die aus der expe- 
rimentellen Resultate gewonnenen Zahlenwerte 
von den in der Formel (12) aufgetretenen 
beiden Koeftizienten @ sowie b zusammenge- 
stellt. Die beiden sind, wie man schon erwartete, 
unabhingig von der Belichtungszeitdauer bei 
jeglicher Temperatur. Ubrigens ist a = koJ x 

rr 
(2 -- s) fast unabhingig von der Tempe- 


Tabelle 1 


Die Werte von « und b in der Gleichung 
(12) bei Verschidener Temperatur und Ver- 
schiedener Belichtungszeitdauer 


Belichtungszeit- 10.0 7.0 5.0 
daur, Stunden —— —— — 
a b a b a b 

—10°C, 0.58 0.56 0.60 0.58 

0°c, 0.60 0.91 0.58 0.93 0.60 0.90 

30°C, 0.58 1.00 0.60 1.00 

ratur. Und dieser Befund vertragt sich mit der 


-! 
2 nicht we- 
A 

sentlich von der Temperatur beeinflusst wird. 

Aus der Tatsache, dass der Wert von b stark 
mit der Temperatur zunimmt, braucht man 
nur zu postulieren, dass die stationare Kon- 
zentration des A’ Molekuls stark mit der Tem- 
peratur zunimmt. 

Es bleibt noch wbrig, dass das Verhalten der 
Kurve im Gebiet C nicht weiter unendlich 
anhalten konne, da sonst die Konzentration 
der angeregten Gebilde weiter unendlich zu- 
nehmen wirde. Dazu wurden unsere Messungen 
mit zu weniger Belichtungszeitdauer und zu 
kleinem Konzentrationsbereich durchgefthrt. 
Man muss hier postulieren, dass unter einer 
sehr langen Messungszeitdauer die Konzentra- 
tion des Anthracens allmahlich kleiner wird 
und infolgedessen die Bildungsgeschwindigkeit 
des Dianthracens sich wieder verlangsamt. 


Annahme, dass das Verhaltnis 


Zusammensetzung 


1. Wir haben die Elementarprozesse dieser 
Umsetzung ausfiihrlich tiberlegt und ohne wei- 
teres den Reaktionsmechanismus massgebend 


erortert. 
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experimentellen Befund sehr gut wuberein. 





To investigate the relation between the 
solubility of sparingly soluble salt and the 
dielectric constant of the solvent, the solubility 
of lead sulfate was measured by the present 
author in the following various isodielectric 
solvents composed of the mixture of water 
with dioxane, acetone,“ glycerine,“ etha- 
nol“) and methanol,“ in the small range of 
change in dielectric constants of the solvents. 

The observed solubility in the mixed sol- 
vent with isodielectric constant are listed in 
Table 1. 


Table 1 


Solubility of Lead Sulfate in the 
Isodielectric Solvents 


Solubility (mol./1.x 10®) 
Temp. Dielect. 


°0. const. Di- Ace- Glyce- Etha- Me- 
‘ oxane tone rine nol thanol 
( 80.37 142.1 142.1 1421 1421 142.1 
20 78.10 117.4 85.0 1008 95.0 91.6 
| 75.90 1038 45.0 61.0 57.0 61.0 

( "78.54 148.1 148.1 148.1 148.1 148.1 
25 76.35 1210 92.0 109.5 1002 96.0 
| 74.10 = 109.2 50.8 692 602 61.8 

{ 76.73 1544 154.4 1544 154.4 154.4 

30 7450 1298 95.2 115.3 102.8 96,8 
| 72.35 116.2 54.4 77.4 61.7 63.8 


The above date were considered by means of 
various theoretical relations between the solu- 
bility and the dielectric constant of the 
solvent. They are the Born’s,‘® Davis’s,‘? 
Flatt’s'’ and (1)*- equations. 


a O BLE v( 1 - 1 ) 

C, 2RTy, \D; Dp 

So es te Co? 
KT 10%7T \p,3? 5 et ose (l) 


(lL) J. Chem, Soc. Japan, 68, 81 (1947). 





2. Die aus der obigen Uberlegung gewon- 
nenen Rechnungsresultate stimmten mit dem 


A Study on the Solubility of Sparingly Soluble Salt. VIII. 
Solubility of Lead Sulfate in Various Mixed Solvents 
with Isodielectric Constant 


By Ei KOIZUMI 


(Received December 27, 1949) 





Insitut fir physikalische Chemie der 
Stadt Universitat Tokyo, Tokyo 





where R, N, k and € are the gas constant, 
Roschmidt number, Boltzman number and 
electric elementary quantum, respectively; and 
Cy and C, are the solubilities of the solutes in 
two media of different dielectric constants Dy 
and Dy,. 

In conclusion, we may say that ; 

(1) The assumption of the constancy of 
solvation radius, which is assumed in the 
induction of the equation (1), may be admit- 
ted in the range of this research except in 
the case of dioxane solution, but it calls for 
further investigation. 

(2) Even if the dielectric constant of the 
mixed solvent is equal, the solubility is not 
so. In other words, the solubility is not de- 
termined solely by the dielectric constant of 
the solvent. 

The dioxane, which shows an _ extraordi- 
narily great difference in the above two con- 
clusions (1) and (2), is a peculiar substance 
that has a symmetrical structure in the mo- 
lecular construction, and the dipole moment of 
which is almost equal to zero, its dielectric 
constant being very small when compared with 
the other solvents. As the concentration of 
the organic solvent in the solution is suffi- 
ciently low in each mixed solvents, the molec- 
ular association of each organic solvent itself 
may not exist, but the intermolecular reaction 
of each solvent and the water molecule must 
be noted. Such non-polar solvent as dioxane 
cannot easily approach to the solute as it is 
intercepted by the water molecule; conse- 
quently, the solute (lead sulfate) may be partly 
dissolved indirectly in the dioxane solution 


(2) ébid., 7, 271 (1949). 

(3) ibid., 70, 407 (1949). 

(4) ibid., 69, 40 (1948). 

(5) “ibid., 68, 29 (1947). 

(6) M. Born, Z. Physik., 1, 45 (1920). 

(7) Rieci and Davis, J. Am. Chem. Soc., 62, 


~ 


407 (1940). 


(8) Flatt and Jordan, Helv. Chim. Acia., 16, 
37 (1933). 
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under the condition of the solvated ions. So 
the solubility of lead sulfate in the dioxane 
solution may be greater than that in the other 
solvents. Such effect of the dipole moment 
on the solubility, along with that of the change 
in the value of a, should become more remark- 
able as the concentration of the organic 
solvent in the mixed solvent increases, it is, 
therefore, desirable to extend this experiment 
still further. In short, the solubility of the 
slightly soluble salt does not solely depend 
upon the dielectric constant of the solvent, 
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but it may also depend on the difference in 
the chemical constitution of the solvent. 


The writer expresses his hearty thanks to 
Prof. Fusao Ishikawa, Tohoku University, for 
his kind guidance in this study, and thanks 
to the Ministry of Education for the Scientific 
Research Grant. 


Chemical Institute, Engineering Faculty, 
Ibaraki University, Taga 


The Sunfiavor of Beer. III. Mechanism of Sunflavor Development 


By Tei YAMANISHI and Yataro OBATA 


(Received February 2, 1950) 


In the previous paper the authors reported 
that the development of the sunflavor in 
beer, exposed to the sunlight, was due to the 
reduction of diethylester of dithiodiglycolic 
acid (oxidised-type) to ethylester of thio- 
glycolic acid (reduced-type). This is produced 
by the following reaction system. 


oxidised 


alcohol dehydrase 


reduced flavin 


dehydrase 


acetaldehyde 


By further investigation in the direction of 
the absorption-spectra, it was found that the 
flavin was activated by the sunlight, par- 
ticularly by the rays ranging from 441 to 452 
mu, and then the reaction of this system was 
accelerated. 

A few works has appeared in the literature 
relating to the light-effect on dehydrase sys- 
tem, and it was reported by all workers that 
the light activates the dehydrase system.6??“ 

According to the results of the authors’ experi- 
ments on the absorption-spectra of the visible 
rays with the flavin and the dehydrase, the maxi- 
mum absorption of the flavin takes place at the 
rays ranging from 441 to 452 mu. in the wave 
iQ Hans von Euler, Z phisiol. Chem., 232, 16 

939). 

: 2 H. v. Euler and E, Klussmann, Naturwiss. 
92, 777 (1934). 

(3) Krestownikoff, Skand. Arch. fiir Phys. 52, 

199 (1927). 


leuco-flavin 


length, as far as the rays which can pass the 
glass plate are concerned, while the dehydrase 
shows no special absorption band. 

On the other hand, there are two kinds of 
beer bottles; one is made of brown colored 
glass and the other green colored glass. That 
the sunflavor developed more slowly in the 

brown bottle than 


Siialias , in the green bot- 
iethylester o > was actually 
dithiodiglycolic acia “Was actually 
(-SCH.CO0C,H,). observed in 2 

model experiment 


as well as in the 
[ee bottled raw- beer 
thioglycolic acid ‘ 

HSCH.COOC.H; on the market. 

By studying the 

absorption-spectra 

of these two kinds of bottles, it was found 
that the brown bottle absorbed the rays with 
the wave length smaller than 452.5 my, while 
the green bottle absorbed the rays with the 
wave length ranging from 523 to 561 my, as 
well as those with the wave length smaller 
than 406my. Then it is concluded that the 
rays which are concerned with the develop- 
ment of sunflavor have the wave length rang- 
ing from 406 to 452my. This range of the 
wave length coincides in general with the 
range in which the maximum absorption of 
the flavin takes place. To prove the effect of 
the rays in this range of the wave length the 
authors have carried out a model experiment by 
exposing the beer to the light filtered through 
a yellow glass plate which does not pass the 
rays in question and a violet glass plate which 
passes them exclusively. The result has proved 
just as the authors had expected that the 
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development of the sunflavor of beer was more 
rapid when the violet filter was employed. 
From these results it has become clear that 
the sunlight activates the flavin and in con- 
sequence of this the sunflavor of beer develops. 


Experimental Part 


The components of the reaction system, used 
in the model experiment to prove the mecha- 
nism of the sunflavor development in beer, are 
as follows : 


5 ce. 
0.3 mg. 


Dehydrase solution* 

Flavin** 

Diethylester of dithiodig!ycolic 
acid 

Ethyl alcohol 

Phosphate buffer (pH 7.2) 


0.1 g. 
0.3 ce. 
5 ee. 


* Prepared according to the method described 
in the second part of this report. 

** Preparation of Bz, for injection, manufac- 
tured by the Sankyo Co, 


Model Experiment with the Green and Brown 
Bottles.—A test tube filled with the solutions of 
the above mentioned reaction system and tightly 
closed with a rubber-stopper is hanged with a 
String in each of the bottles with close stoppers. 
These bottles are eaposed to the direct sum- 
mer sunlight. The air temperature in the closed 
bottles rises to 44-45°, The result of the experi- 
ment is shown in Table 1. 


Table 1 


The Result of Model Experiment with Green 
and Brown Bottles 


Color of Exposure 


bottle 9 hrs. 


flavin is 


5 hrs. 
almost flavin is 
no slightly considerably 

change discolored discolored 
“~) (=) (+) 
almust Seria tessa flavin becomes 
no considerably 
colorless 
change () colorless 
(—) (+) 


3 hrs. 


brown 


Note: (+) and (—) denote respectively the 
high and low extent of the sunflavor development. 


Green 
Brown 
No color 
Blank 


8 888 23 2s 


Fig. 1—The absorption-spectra of the beer-bottles, 
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As we can learn from Fig 1. the green bottle 
absorbs the rays with the wave length ranging 
from 523-561 my as well as those with the wave 
length smaller than 406 my, and tie brown bot- 
tle absorbs the rays with the wave length smaller 
than 452 mz. 

The Absorption-Spectra of the Flavin and the 
Dehydrase.—The absorption-spectra of the flavin 
and the dehydrase solutions are shown in Figs, 2 
and 3 respectively. 


1] 
E 83 E s 


2,.—The absorption-spectra 
of the flavin. 


22 
3 8s 
Fig. 3.—The absorption-spectra 
of the dehydrase. 


As it is clearly shown in these figures, the 
absorption bands of the flavin are situated at 
the position of the rays with the wave length 
ranging from 441 to 452 my (Maximum absorp- 


Exposure, 
min, 


Exposure, 
min, 


| 


Fig. 4.—The_absorption-spectra of the filters 
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wave 
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tion band at 440 my) and of the rays with the 
wave length smaller than 388 mz. The dehydrase 
has no special absorption band. 

The Effect of the Sunlight Filtered through 
the Yellow and Violet Glass Plates.—The ab- 
sorption spectra of the colored glass plates used 
as the filter are shown in Fig. 4. 

The violet glass filter passes exclusively the 
rays with the wave length ranging from 453 my 
to 406 my or the rays in which the maximum 
absorption bands of the flavin are situated. The 


yellow glass filter absorbs entirely the rays with ~ 


the wave length smaller than 453 mz. 

The reaction system was exposed for five hours 
to the sunlight filtered through each of these 
colored glass plates, and then the development 
of sunflavor was examined. Under the violet 
filter the color of the solution faded away into 
slight as the flavin changed to leucoflavin and 
a slight development of sunflavor was recognised. 
Under the yellow filter, on the other hand, the 
solution maintained the yellow color of flavin and 
the sunflavor could not be detected. 

The result of the above experiment is shown 
in Table 2. 

From the results of these experiments it has 
become clear that the rays which have concern 
with the development of sunflavor in beer are 
those in which the flavin has its maximum 
absorption and range from 453 to 406 my in the 
wave length. 

The development of sunflayor in beer exposed 


It is supposed, in the first instance, that 
the surface tension may play an important 
role in the foam formation, as it is a surface 
chemical phenomenon. Plateau’s rule“ states 
that the liquid of smaller surface tension 
foams better. This rule is, however, incon- 
sistent with experiences. For instance, pure 
liquids do not foam at all, both liquid of 
small surface tension as ethyl ether and 
liquid of large surface tension as water. This 
was ascertained by Foulk and Miller® and 
Nakagawa and Sameshima®. Solutions of 
surface active substances, such as alcohol 
or soap, as well as solutions of surface in- 


(l) Cf., 8. Berkmann and G, Egloff: “ Emu]- 
sions and Foams,” New York, (1941), pp. 121. 

(2) C., W. Foulk, Ind. Eng. Chem., 21, 815 (19286) ; 
88, 1086 (1941); C. W. Foulk and J. N. Miller, 
ibid., 28, 1283 (1931). 

(3) T. Nakagawa and J. Sameshima, J. Chem. 
Soc, Japan, 64, 360 (1943), 
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Table 2 
The Effect of the Filtered Sunlight 


filter Exposure 
color 3 hrs. 5 hrs. 9 hrs. 
almost flavin flavin becomes 
: becomes a 
violet no or leucofiavin 
leucofiavin py 
change > (+) 
(+) 
almost no ‘slightly 
yellow ” brn og discolored 
. (+) 


to the sunlight is thus due to the activation of 
the flavin by the light. 

In these experiments it took a very long time 
to get the development of sunflayor. This is 
considered to be owing to the free flavin em- 
ployed. If the flavin enzyme is used instead, 
the results will probably be obtained more rapid- 
ly and distinctly. 

The authors are now under research to solve 
the problem concerned. 


The expenses of the present study was partly 
defrayed from the Scientific Research Encoura- 
gement Fund granted by the Ministry of Educa- 
tion for which the authors thanks are due. 


Institute of Agricultural Chemistry, 
Hokkaido University, Sapporo 
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active substances as inorganic electrolytes pro- 
duce foams. As to the aqueous solutions of 
surface active substances, the surface tension 
decreases monotonously with the increase of 
concentration, while the foam formation shows 
a maximum and again decreases with the 
further increase of concentration. Considering 
these facts in all respects, the surface tension 
seems to have no simple relation to the foam 
formation. This was already stated by Wo. 
Ostwald. It is not yet clear what the pre- 
dominant factor is, though some qualitative 
ideas have been proposed. 

Bartsch proposed “ heterogeneity ” theory. 
Talmud and Suchowolskaja® suggested a 


(4) Wo.. Ostwald and A. Steiner, Kolloid-Z., 
86, 342 (1925). 

(5) O. Bartsch, Kolloid-Z., 88, 177 (1926). 

(6) D. Talmud, S. Suchowolskaja and N. Lub- 
man, Z. physik. Chem., A151, 401 (1930); D. Tal- 
mud and §, Suchowolskaja, :bid., A154, 277 (1931). 
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relation between foam duration and surface 
rigidity. Hazlehurst and Neville stated 
cybotaxis theory. Sasaki®> emphasized that 
the concentration gradient of surface tension 
is large when the foam formation is large. 
Foulk-? proposed  balanced-layer theory. 
These theories are all qualitative. In this 
report, some semi-quantitative consideration 
will be given. 

When the viscosity of the solution is not 
too large, the foaminess and foam duration 
are parallel to each other, while the foami- 
ness is small and foam duration is large, when 
the solution, such as sulfuric acid or glycerol 
solutions, is of high viscosity. This has been 
reported, in the foregoing paper.“? Viscous 
solutions take a long time to flow down the 
wall of foam, and this is the cause of large 
duration of foam. Ross? and Miles, Leo 
Shedlovsky and Ross?” carried out some 
calculations from this point of view. In ordi- 
nary solutions, however, the viscosity is not 
large compared to water, so the effect of it is 
not large. The effect of viscosity is, therefore, 
neglected in the following discussion. 

The existence of adsorption layer, whether 
positive or negative, seems to be necessary for 
the foam formation, since pure liquids do not 
foam while solutions foam considerably well. 
This is suggested also by the fact that the dye 
solution of larger surface activity foams bet- 
ter.72) Jt may be supposed that the collapse 
of foam occurs when an area, S, of adsorption 
layer is first removed by some accidental rea- 
son, and a crack is formed in this area. If 
the arex of bare surface was smaller than S, 
the surface might be easily covered again by 
the thermal motion of adsorbed molecules and 
foam would not collapse. Let the energy, 
required to remove the unit area of adsorp- 
tion layer, be Ur. Then, SUr will play just 
like the activation energy. If the area S does 
not largely vary by the properties of solu- 
tion, the foam duration will be parallel to Ur. 

Let the energy required to remove one mole 
of solute from adsorption layer to bulk solu- 
tion be U,, and the concentration of solute 
in the solution and the layer be C and Cr 
(mole/ce.), respectively. Then, according to 
Boltzmann’s distribution law: 


(7) T. H. Hazlehurst and H. A. Neville, J. 
Phys. Chem., 44, 592 (1940); Ind. Eng. Chem., 88, 
1084 (1941), 

hat T. Sasaki, Bull. Chem. Soc. Japan, 18, 517 
(1938), 

(9) M. Nakagaki, Bull. Chem. Soc. Japan, 21, 
30 (1948). 

(10) §S. Ross, J. Phys. Chem., 47, 266 (1948). 

(11) G. D. Miles, Leo Shedlovsky and J. Ross, 
J. Phys. Chem., 49, 93 (1945). 

(12) M. Nakagaki, This Bulletin, 22, 200 (1949), 





Cr =C exp. (U,/RT) \ (1) 


or U,=RT In (Cr/C). 


For the positive adsorption, Cr >C and 
J, > 0, and for negative adsorption, Cr <C 
and U, <0. Let the activity of solute in the 
solution be a,, and the molar volume of the 
solution be V (cc./mole). Then, it is better to 
replace C by 


a,/V. (2) 
So equation (1) is written as: 
U, = RT In (CrV/a,). (3) 


The adsorption layer of the solution of sur- 
face active substance may be assumed to be a 
monomolecular of layer solute molecules lying 
upon the surface of solution, and the surface 
film of solute contains no solvent. So the 
amount of solute contained in the unit area 
of adsorption layer equals to the surface ex- 
cess of solute for the unit area of surface, 
7°, (mole/em.*) given by Gibbs’ equation : 

rh = — . o¢ - (4) 
‘s RT @ In (f.N,) 


where o is the surface tension, f, the activity 
coefficient of solute referred to the infinite 
dilution as unity, and NN, the mole fraction 
of solute. The activity of solute is, 


a, = f,N2. (5) 


According to the surface chemical studies of 
higher alcohols, the sectional area of alcohol 
molecules is said to be about 20 A. The 
amount of alcohol molecules closely packed on 
1 em. of surface, Na, is, therefore, 


Na = 8.83 x 107- (mole/cm.?). (6) 


Ii the mole volume of pure alcohol is V, 
(cc./mole), the volume of adsorption layer per 
unit area is NaV, Therefore : 


Cr = T?, NoaV ». (7) 
So: U,= RTIn(U9V/f,N.NW:) (8) 


For electrolytes, the surface excess of solute 
given by Gibbs’ equation I$” is 


1 oc 


rye = — , 
“ yRT Gln (m4) 


(9) 


where m is molality, that is moles of salt per 
1000 g. of water, and Y is the mean activity 
coefficient of salt. The activity of salt a, is 
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a, = ay = (Ym) (vy vo) (10) 


where y=vetvi. (11) 

y is the number of ions formed by the dis- 
sociation of one molecule of electrolyte, and 
vy, and y_ are the numbers of positive and 
negative ions formed from one molecule res- 
pectively. The surface excess given by Gibbs’ 
equation (9) is defined as the amount by 
which the quantity of solute in the system A, 
having unit. area of surface, exceeds that in 
the system B, having no surface, when these 
systems A and B contain the same amount of 
solvent. This is discussed in detail by Gug- 
genheim and Adam.7 In this case, the 
adsorption layer is considered, on the contrary 
to the case of surface active substances, to 
contain both solute and solvent. Let the 
molality of solute in the adsorption layer be 
mr, and the thickness of adsorption layer be d 
(A.). The amount of water contained in 1 em? 
of adsorption layer, that is dx10~'ce. is 
assumed to be dx 10~* g. Accordingly, by the 
detinition of adsorption amount, 


TS = (mr —m)d x 1073/1000 


mr = m+ x FS x 10" = (12) 


C 
Iet the mole volume of adsorption layer be 
Vr, the activity of solute in adsorption layer 
ar, and activity coefficient in adsorption layer 
Vr. Then, 


, vy ve 
ar = (Yrmr)"(ve ve ) 


and it is better to replace Cr by the following 
terms: 


(13) 


ar/Vr = (Yr mr)’ (v4* vl) /yr. 
From equations (10) and (3), we get 


YrmrV 


U, =v RT 1 
we P ym r 


Now, if we assume, 


V=Vr and Yr 


mr 


then, U,=vRT In 


my 


As to the structure of adsorption layer on the 
aqueous solution of electrolyte, the idea was 
proposed that the adsorption layer is con- 
structed from pure water by the positive ad- 


(13) E. A. Guggenheim and N. K. Adam, 
Proce. Roy. Soc, London, A139, 218 (1933). 
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sorption. The thickness of adsorption layer is 
calculated under this premise by Rehbinder,“ 
Goard,?® Harkins and McLaughlin,“ 
Harkins and Gilbert” and some others. The 
unreasonableness of this idea has already been 
pointed out by Adam“. In the present paper 
the concentration of the adsorption layer is 
assumed to be mr. 

The energy U,, calculated from equations 
(8) or (15), is the increase of energy accom- 
panied with the transference of one mole of 
solute from the adsorption layer to the bulk 
solution. The energy required to remove the 
unit area of adsorption layer Ur is, 

Ur =I}U,, (16) 

where J*; is given by equations (4) or (9). 
Ur is thought to relate to the foam formation 
of the solution. The change of the free energy 
of the system, that is the difference of dyna- 
mic and static surface tension, is not equal to 
Ur, because the change of free energy accom- 
panying to the change of concentration, from 
the concentration in the adsorption layer to 
that in bulk solution, has not been taken into 
consideration. This change of available energy 
was not taken out of the system in irreversi- 
ble process. So the work required to remove 
the unit area of adsorption layer equals to U,. 
In the case of electrolytes, both 773? and Ui 
are negative. This means that the concentra- 
tion is smaller and the energy of solute mole- 
cule is higher in the adsorption layer than in 
the bulk solution, and Ur given by equation 
(16) equals to the energy required to bring 
solute from interior to surface as far as the 
concentration of adsorption layer equals to 
that of the bulk solution. 

One of the best investigated system is the 
aqueous solution of ethyl alcohol. The amount 
of adsorption in this system has been calcu- 
lated by Butler and Wightman®® and Gug- 
genheim and Adam.“ The adsorption 
amount is calculated also by the present 
author using the data of surface tension sited 
in the “Internationa! Critical Tables” and 
that of activity in the “ Landolt-Bornstein’s 
Physikalisch-Chemische Tabellen,” using equa- 


(14) P. Rehbinder, Z physik. Chem., 111, 447 
(1924); 121, 103 (1926). 

(15) A. K. Goard, J. Chem. Soc., 127, 2451 
(1925). 

(l6) W. D. Harkins and H. M. McLaughlin, 
J. Am. Chem. Soc., 47, 2083 (1925), 

(17) W. D. Harkins and E. C, Gilbert, J. Am. 
Chem. Soc., 48, 604 (1926). 

(18) N. K. Adam, “The Physics and Chemis- 
try of Surfaces,” 2nd ed, (1938), Oxford, pp. 125, 

(19) J. A. V. Bulter and A. Wightman, J. 
Chem. Soc., 1982, 2089. 
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tion (4). The results agree well with those 
obtained by the above authors. Uy; calculat- 
ed from equations (4), (8) and (16) is depicted 
in Fig. 1. Mole volume used in this caleula- 
tion is obtained fromthe data of density 
sited in the “International Critical Tables. ” 
The same calculation has been done for methyl 
alcohol and the results are shown in Fig. 1. 
The method of the observation on foam 
formation is the same as that described in the 
preceding paper.“ Twenty cc. of solution is 
shaken in a test tube of 40 cc. in capacity. 
The maximum height of foam zone after shak- 
ing A,» (cm.) and the time required to col- 


30 


Ethanol 


W % 


[VoL23 No. 4 


function of concentration of solution. In 
dilute solution, the energy required to bring 
the hydrophobic alkyl group of alcohol mole- 
cule into the solution, shoving water molecules 
aside, will be large. In concentrated solution, 
however, the value of Ui will be small, since 
alcohol dissolves many organic substances 
well. In fact, U, calculated by equation (8) 
becomes smaller as the concentration increases. 

Though electrolytes are surface inactive, 
their solutions foam considerably well as stu- 
died by Talmud and Suchowolskaja°” and 
others. The foaminess A,, and foam duration 
t) measured by the method described above 


Fig. 1.—Alcohol solutions, 


lapse the foam zone fy (sec.) are recorded and 


plotted in Fig. 1. Experiments were done at 
room temperature of about 25°. As already 
reported in the foregoing reports ,@», two 
maxima of foam formation are observed at 
the concentration of about 3% and 30% for 
ethyl alcohol, and about 5% and 50% for 
methyl alcohol. The general tendency of 
curves agrees well with that of Ur. Relation 
between curves for methyl and ethy] alcohol 
is also similar to that of Ur. 

As Ui is the energy required to transfer 
one mole of solute from absorption layer to 
the bulk solution, Ui is supposed to be a 


(20) M. Nakagaki, This Bulletin, 28, 102 (1950). 
(21) M. Nakagaki, This Bulletin, 22, 21 (1949). 


by the present author, and U,r calculated from 
equations (9), (12), (15) and (16) are depicted 
in Fig. 2. Data used in this calculation are 
taken from the “ International Critical Tables ” 
for surface tension, and from the report by 
Robinson and Harned“* for the activity co- 
efficient. The thickness of the adsorption layer 
d (A.) in equation (12) is taken so as the 
tendency of calculated curve agree with that 
of the observed. The values of d are cited in 
Table 1. It is about 4 A. for chlorides and 
nitrates, about 7 A. for sulfate, and about 9 


(22) D. Talmud and S. Suchowolskaja, Z. 
physik. Chem., A15A, 277 (1931). 

(23) R. A. Robinson and H. S, Harned, Chem, 
Rev., 28, 419 (1941), 
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Fig. 2.—Electrolyte solutions. 


Table 1 
Value of d, A. 


NaCl 4.0 
KCl 3.8 


NaNO, 3.6 
NH,NO, 4.4 


Na,SO, 6.8 
NaOH 9.0 


A. for hydroxide. Factors determining the 
thickness of adsorption layer is not yet clear, 
but following qualitative consideration may be 
acceptable. Since ions are hydrated in aqueous 
solution, the distance from the surface to ions 
lying nearest to the surface is greater than 
the radius of hydrated ion, if ion is surround- 
ed by the same thickness of the layer of bound 
water as in the interior of solution, even when 
the ion is entered in the adsorption layer. 
This may be one of the reasons of the nega- 
tive adsorption of ions. It is usual, moreover, 
that the negative ion approaches to the sur- 
face closer than the positive one. This has 
been assured by many experiments on the sur- 
face potential. The thickness of the adsorption 
layer will, therefore, relate to the degree of 
the hydration of anion. This idea is supposed 
by the fact that the sequence of the thickness 
of adsorption layer, 


NO,-, Cl- < SO,-- < OH- 


agrees with the lyotropic series. In addition, 
the thickness of adsorption layer agrees with 
the radius of hydrated anions in its order of 
magnitude. 


Summary 


Foam formation of aqueous solutions of both 
alcohols and electrolytes are accounted under 
the assumption of parallelism between the 
foam formation and the energy required to 
remove the unit area of adsorption layer from 
the surface. The maximum observed at the 
concentration of about 45% for alcohol solu- 
tions are also accounted. The relative relation 
between some electrolyte solutions is accounted 
under the assumption that the. thickness of 
adsorption layer increases in the sequence of 
lyotropic series of anions: Cl-, NO,;- < 
S0,-- < OH-. 


Chemical Institute, Faculiy of Science, 
the University of Tohyo, 
Tokyo 
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On the Structure of Humic Acids. An X-ray Diffraction Study 


By Katsuya INOUYE 


(Received May 1, 1950) 


Introduction 


Coal is considered as substance built by 
independent molecules possessing the same 
crystallographic meaning and a more or less 
highly developed aromatic character, but 
continuously changing van der Waals forces. 
J. Biscoe and B. E. Warren‘ coined the word 
“turbostratic ” systems to express such crystal- 
lographiec character for carbon blacks. H.E. 
Blayden, J. Gibson and H. L. Riley‘? have 
proved that the coal structure is also described 
by the word. And they suggested that the 
peripheral nature oi crystallites might be 
essential for coal properties. By the concept 
of turbostratic system, however, the carbon 
cannot be distinguished from the caking coal 
which shows entirely different rheological 
characters. The author has shown from the 
experiments on Young’s modulus of coal® 
that the weak van der Waals forces between 
coal molecules and strong solvation of mole- 
cules with inorganic ash are the necessary 
conditions for essential (caking) properties of 
coal. The most considerable reason of such 
differences of the intermolecular forces appears 
to be in the peripheral conditions of coal 
molecules. The present study is concerned 
from this view with humic acids. 

The humic acid is defined in this paper as 
the chocolate-color substance which is produced 
by the extraction with 1% sodium hydrox- 
ide solution up to 90°, and is precipitated 
by adding the excess of mineral acids. This 
substance is interesting not only from the 
peripheral problem of coal molecules but for 
discussing the coalification mechanism from 
vegetable debris. 

On the structure of humic acid, we have 
theories rather in confusion. Stadnikofi® gave 
a chain-like molecule for this substance, but 


(1) J. Biscoe and B, E. Warren, J. Appl. Phys., 
18, 364 (1942), 

(2) H. E. Blayden, J. Gibson and H. L. Riley, 
Proc. Conf. Ultrafine Structure of Coals and Cokes, 
London, 1944, 176; J. Inst. Fuel, 1945, Wartime 
Bulletin, 117. 

(3) Katsuya Inouye, Presented at the 3rd an- 
nual meeting of the Chem. Soc, Japan, Apr. 1950, 
The manuscript has just been sent to the J. Col- 
loid Sci., May, 1950. 

- “ Die Chemie der Kohle,’ W. Fuchs, S, 455, 
1931, 


W. Fuchs showed from organo-chemical 
studies some aromatic structure. H. L. Riley 
suggested recently that there should be a third 
possible arrangement of carbon structure hav- 
ing tilted benzene rings, but regretfully with 
insufficient experimental evidence. 

The present X-ray diffraction study falls 
into two sections. The first deals with the 
humic acids from various “rank” of coal. 
The second section describes similar diffraction 
experiments on some derivatives from humic 
acids of same origin. 

As to the X-ray diffraction study we have 
a study by J. Sedletzky and B. Brunowsky‘” 
on three samples of humic acids from German 
brown coal. Most recently the author was 
informed from the Chem. Abst. that H. Brus- 
set? has published an X-ray study on humic 
acids from lignite and of the products obtained 
by treating it with dil. HNO, and solvents. 


Experimental Method and 
Description of Samples 


The generally used Debye-Scherrer diffraction 
method was used. Copper Ka radiation filtered 
by nickel foil was employed. Exposures of 4.5 
hours were necessary at a potential of 30 ky., and 
a tube current of 6 milliamp. After development, 
the photographic film was micro-photometered 
and the lattice parameters were obtained from 
the maxima on the photometer curve and the 
values of crystallite dimensions were calculated 
from the breadth of bands, drawing at both cases 
the back-ground blackening due to the inco- 
herent scattering. 

The descriptions of the samples are in the 
following. The samples from No. 1 to 5 were 
made from lignites, i.e. Komatsu, Takayama, 
Kitomo and Nagasakayama lignite respectively. 
Extraction by 1% alkaline solution and precipi- 
tation by hydrochloric acid were repeated twice, 
washed by distilled water repeatedly and then 
dialysed for a week. No. 6 is the humic acid 
prepared by “ Merck.” No. 7 is the humic acid 
extrated from the soil of a pond in Tokyo by 
the Oden’s method. The samples from No, 8 


(5) W. Fuchs, Angew, Chem, 44, 111 (1931). 

(6) H. L. Riley, J. Soil Sei., 1, 104 (1947). 

(7) J. Sedletzky and B. Brunowsky, Kolloid-Z, 
73, 90 (1935). . 

(8) H. Brusset, Chem. Abst., 48, 6395 (1949). 
(Bull. soc. chim. France, 1949, 319). 

(9) S, Oden, Kolloid-Beihefte, 11, 75 (1919). 
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to 11 are the so-called “regenerated” humic acids 
obtained by ca. 150 hours’ air oxidation at 150° 
from the bituminous coals, i.e. Yubetsu producer 
gas coal, Takashima caking coal and Shishimachi 
strongly caking coal respectively. Purification 
was carried out as at the lignite humus. Nos. 12 
and 13 are the acid azo dyes from humic acids 
Nos. 1 and 2 respectively, coupled with diazo-sul- 
fonilic acid in alkaline, solution under cooling. 
These brown dyes are remarkable to be able to 
make aqueous solutions easily. No. 14 is another 
acid dye from humic acid No. 2 coupled with 
diazo-J-acid. It is noteworthy that this dye has 
a beautiful violet color entirely different from 
the original humus. These dyes were purified 
twice by salting-out method with sodium acetate 
and alcohol. No, 15 is the methoxy-derivative 
of the humic acid No. 2 obtained by the reaction 
with dimethyl sulfate.° 2 The methoxy humic 
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| 
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Acid dye No. 14. 


acid is less hydrophilic brown powder. (See the 


figure.) 


Results and Discussions 


The obtained bands are highly diffused and 
generally give only two reflections with suffi- 
cient intensity to permit of their use in par- 
ticle size determinations. The calculated lattice 
parameters for these bands and crystallite di- 
mensions are tabulated in Table 1. 

It is noteworthy that all these parameters, 
with the only exception of No. 7, suggest 
these samples to possess the so-called “ amor- 
phous carbon” lattices. So naturally the 
author has to recognize, at least from the X- 


(10) G. T. Morgan and J. I. Jones, J. Soe. 
Chem. Ind., 1988, Sept., 289. 

(11) The author is indepted to Mr. Kozo 
Higuchi for preparing these derivatives (No. 
12—15). He is going to publish tie preparation 
and characteristics of these substances. Accord- 
ing to his analysis, diazo components are coupled 
at the o- or p- positions for phenolic radicals 
up to almost saturation, and methoxy radicals 
are produced by substituting the phenolic hy- 
droxyl groups. 
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Table 1 


Crystallite 
parameter dimension 
a e/2 a c 


211A, 3.664. 8.9A. 9.44. 


Lattice 
Sample 


Lignite Humus 
(Komatsu) 


Lignite Humus 
(Takayama) 


Lignite Humus 
(Tomowo) 


Lignite Humus , ;7 
(Kitomo) vate 
Lignite Humus 
(Nagasakayama) 
Humic acid 
“Merck ” 
Soil Humus 
Regenerated Humus 4 «. 
(Yubetsu) : 


Regenerated Humus ,,. 
(Takamatsu) 


Regenerated Humus , 
(Takashima) 


Regenerated Humus ,, 
(Shishimachi) 


Sulfanilie dye (1) 
Sulfanilic dye (2) 
J-acid dye (2) 
Methoxy Humus 


(2) 


2.19 3.70 


2.16 


ray stand-point, the humic acid is essentially 
of the “turbostratic” carbon structure. The 
soil humus, however, shows different a-para- 
meter and there remains little doubt that this 
dces not yet form the highly aromatic lattice 
for its low maturity. 

One of the results from these data is the 
fact that the “humic” substances, namely of 
the same chemical character, show various crys- 
tallite dimensions according to the maturity of 
their original coals. Even in the series of 
lignite humus, the samples from relatively high 
rank lignites, for example, of Kitomo or Naga- 
sakayama lignite, have larger dimensions. 
Furthermore, the “regenerated” humus shows 
remarkably large dimensions, because of the 
crystallographic development of the crystal- 
lites. In other words, the coal molecules grow 
up in spite of the same chemical “humic” 
nature when they are added some peripheral 
groups. 

In the other way from the data of deriva- 
tives of humic acids, we can understand 
the changing of chemical nature only by 
adding peculiar radicals to the peripheries of 
the molecules. By adding some diazo radi- 
cals, “humic” molecules change soluble in 
water and furthermore if we choose the ade- 
quate kind of added groups, the color can 
change from brown to violet. 
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In the chemical common-sense, these dyes 
are of never “humic” nature, but they have 
the same crystallographic dimensions as of the 
original samples. (Compare Nos. 13 and 14 
with No. 2, and also No. 12 with No. 1). The 
same consideration is available for the data of 
methoxy derivative which has lost hydrophilic 
character of humus. These facts appear to be 
another evidence of the importance of peri- 
phery of molecule to the nature of coal. 

The long oxidation of coal means the addi- 
tion of some oxygen containing radicals to 
periphery, and in consequence of the strengthen - 
ing of intermolecular forces, as generally 
known, the caking properties of coal diminish 
and in alkaline solution the coal molecules 
can dissolve to produce the “ regenerated ” 
humic acid, followed by, perhaps, base-ex- 
change reactions. It seems therefore interest- 
ing to note that the base-exchange capacities 
of lignite humus and regenerated humus are 


Table 2 


No. in Base-exchange 


Table L capacity 
Lignite Humus 2 3.6 x LO-?meq./g¢ 
Lignite Humus 4 55 
Regenerated Humus lv 4.8 
Regenerated Humus 11 3.9 


Sample 


almost same as shown in Table 2. These data 
were measured by treating the sample with 200 
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times of 0.1 N sodium chloride solution during 
seventy hours. 


Conclusion 


Some organic chemists discuss the structure 
of the humic acid and often reach the con- 
clusions in confusion. It seems not to be of 
essential meaning to discuss the chemical 
structure as if there exists a definite substance 
named humic acid. From the above described 
data and considerations, “‘ humic ” is naturally 
the name for a nature, not for a definite sub- 
stance. The coal molecule “grows up” with 
same ‘‘humic” nature and on the other hand 
the chemical character can be changed at our 
option by adding adequate peripheral radicals, 
and the peripheral conditions appear often to 
be of the fundamental meaning to the essen- 
tial properties of coal. 


The diffraction apparatus used in this study 
was lent to use by the Chemical Institute, 
the University of Tokyo, and the author takes 
great pleasure in acknowledging his indebted- 
ness to Dr. Hideo Akamatsu, without whose 
kind permission the author doubts whether he 
could have done the work, and also to Mr. 
Hiroshi Takahashi for his help in taking 
photometer curves. 


Nenryo- Kenkyujo (Fuel Research Institute), 
Kawaguchi, Saitama Pref. 


The Synthesis of 3-Hydroxykynurenine ( +Chromogen)* 


By Yoshimasa HIRATA and Koji NAKANISHI 


(Received April 21, 1950) 


+Chromogen (W-stibstance) (1) of Bmbyr 
mori, corresponding to the en*-substance of 
Drosophila and A-substance of Ephestia, is 
widely distributed among insects and animals 
belonging to Arthropods. It is considered to 
be an important intermediate in the conver- 


*) These results were presented before tie 
Third Annual Meeting of the Chemical Society 
of Japan at Kyoto, April, 1950, At the same 
Meeting, 8. Seno and T. Sakan (Osaka University) 
also reported the synthesis of +chromogen by 
applying the Kotake-Sakan method for the 
synthesis of kynurenine. 

(l) H. Kikkawa, Sanshi-shikenjo Hokoku (Re- 


sion of tryptophan to various pigments“? and 
nicotinie acid,‘?? and prior to its isolation in 
a pure crystalline state, a structure correspond- 
ing to 38-hydroxy-kynurenine (2-amino-3- 
hydroxybenzoylalanine) (VIII) was postulated 
in 1948. H. Kikkawa‘? and we have recently 


ports of Sericultural Exp. Stat.), 11, 311 (1948). 
Kagaku no Ryoitki, 8, 2 (1949). 

(2) F. A. Haskins and H. K. Mitchell, Proc. 
Nat. Acad, Sci., 35, 500 (1949). 

(3) H.K. Mitchell and J.F. Nyc, ibid., 34, 1(1948). 

(4) Y. Hirata, K, Nakanishi and H. Kikkawa, 
J. of Genetics (Japan) (in press), Science (U.S. A.) 
(in press), 
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succeeded, for the first time, in isolating 50 
to 60 mg. of light-yellow crystals from 400g. 
of new-laid eggs of Bombyx mori,.) positive to 
the qualitative and biological tests of +chro- 
mogen. In the following paper the synthesis 
of 3-hydroxykynurenine is reported. The 
synthesized sample was identical with the 
natural specimen (excepting optical behavior), 
thus establishing the structure of + chromogen 
to be 3-hydroxykynurenine. 
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modified procedure of Butenandt et al.) for 
the synthesis of kynurenine (2-amino-benzoyl- 
alanine) was applied, resulting in 2-amino-3- 
methoxybenzoylalanine (VII). This was finally 
converted into 2-amino-3-hydroxy-benzoyl- 
alanine (VIII) hydrobromide by hydrolysing 
with hydrobromic acid. The treatment of the 
hydrobromide with sulfuric acid and then with 
barium hydroxide gave free pL-2-amino-3- 
hydroxy-benzoylalanine. Excepting the con- 
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The starting substance for the synthesis of 
2-amino-3-hydroxy-benzoylalanine was 2- 
nitro-3-methoxybenzoic acid (I), which was 
prepared by the method of Nye and Mitchell‘ 
from 3-methoxy-benzoic acid. 2-Nitro-3- 
methoxy-benzoic acid was converted into its 
chloride (II) and then to 2-nitro-3-methoxy- 
acetophenone (III). The latter step was carried 
out by submitting the chloride to the method 
employed in the synthesis of p-nitroaceto- 
phenone,“? an intermediate in the synthesis of 
chloromycetin. After bromination of 2-nitro- 
3-methoxyacetophenone, which yielded 2-nitro- 
8-methoxyphenacyl] bromide (IV), the suitably 


(5) It is reported in the forementioned ref- 


erence (2) that W. Weidel has isolated the sub- 
stance from Calliphora erythrocephala, but the 
details seem to be yet unreported. 

(6) Natural specimen: [a]!j,, = —30° (approxi- 
mately). 

(7) J. F. Nye and H. K. Michell, J. Am. Chem. 
Soe. 70, 1847 (1948). 

(8) Walter and Hauser. ibid., 68. 1386 (1946); 
pon Long and H. O. Troutman, ibid., 71, 2474 
(L949). 








version of IV to V, in which several by-products 
were obtained, every step in this synthesis 
proceeded quite smoothly with a high yield. 

The synthetic sample possessed the following 
natures, thus proving the identity with the 
natural substance, +chromogen. The ninhydrin, 
xanthoprotein and diazo (Ehrlich’s) reactions 
were positive. The alkaline solution, with a 
deep yellow color, gave a jasmine-like odor 
when heated, and a dilate solution of potas- 
sium permanganate also changed its color into 
deep yellow (urochromogen test of Weiss). 
Furthermore, employing the ninhydrin or 
Ehrlich’s reagents or the light blue _ fluores- 
cence as means for location, paper chromato- 
graphy with various solvents could be used 
for the identification of 3-hydroxykynurenine. 
The solvents used were butanol, lutidine, phenol 
and the butanol-acetic acid mixture, each 
giving satisfactory results. 


(9) A. Butenandt, W. Weidel, R. Weichert 
~~ W. von Derjugen, Z. physiol, Chem., 279, 27 
(1943). 
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Experimental 


2-Nitro-3-Methoxy-benzoyl-chloride (II).— 
2-Nitro-3-methoxy-benzoic acid (1) (m.p. 255°) was 
prepared by the method of Nye and Mitchell 
from 3-methoxy-benzvic acid. After converting 
2-nitro-3-methoxy-benzoie acid into its chloride 
with thionyl chloride, the excess reagent was 
completely removed by evaporation in vacuo, The 
chloride could be recrystallized from carbon tetra- 
chloride (m.p. 76°), but the crude sample was 
directly submitted to the following procedure. 

2-Nitro-3-methoxy-acetophenone (II1).—This 
compound was prepared by a slight modification 
of the method of Long and Troutman“ for the 
synthesis of p-nitro-acetophenone, 3.15 g, (0,18 
mole) of freshly ground magnesium turnings and 
a solution of 0.5cc, of dry carbon tetrachloride 
in See, of absolute ethanol were placed in a 500ce. 
flask and as the reaction began to occur, 35cc, of 
dry chlorobenene was added. A solution of Zig. 
of diethyl malonate (0.13 mole), 20cec, of dry 
chlorobenzene and 15cc, of absolute ethanol was 
added while shaking and cooling at such a rate 
as to keep the temperature at about 65°, When 
the removal of the cooling bath did not result in 
arise in temperature, the mixture was heated to 
85° on a water-bath until the reaction ended (two 
hours), The solution was couled and a solution 
of 24g, (LL mole) of Il in 35ee. of dry chloro- 
benzene was added by stiting and cooling so as 
to keep the temperature below 35° (usually, cool- 
ing was unnecessary), The mixture gradually 
changed into a brown gelatinous mass and the 
stirring was continued for 30 minutes. The flask 
was cooled in an ice-bath and a solution of LOcc. 
of concentrated sulfuric acid in 70cc. of water 
was added. The lower layer, saturated with 
sodium sulfate, was discarded and the chloro- 
benzene layer was slightly warmed, whereby pre- 
cipitates of magnesium sulfate appeared. This 
was filtered and the chlorobenzene Jayer of the 
filtrate was concentrated in vacuo until the sol- 
vent was almost Completely removed. The residue 
was hydrolysed with a mixture of 40cc. of acetic 
acid, 5ec, of hydrochloric acid and 30cc, of water 
for 5 hours and then ice-cooled. <A crystalline 
mass was obtained, which was filtered and boiled 
with a solution of i5g, of sodium bicarbonate in 
150cece, of water to remove the acidic by-products. 
The residue was crystallized from acetic acid. 
Yield, 20,5g. (93 9%), m.p, 129°, 
2-Nitro-3-methoxy-phenacyl Bromide (IV).—To 
a solution of 20,5g. (0.15 mole) of III in 150cc, of 
acetic acid, some aluminium chloride and equi- 
molecular bromine (L.7g.) dissolved in 50cc. of 
acetic acid were added. By slightly warming the 
mixture for 30 minutes the reaction ended, A 
crude crystalline mass was obtained by pouring 
the mixture into cold water. This was filtered 
and water was gradually added to its acetic acid 
solution, 225g. (78%) of IV was obtained as 
white crystals by adding water until a brown 
syrupy mass gradually began to. precipitate, m.P. 
84-809, 
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2-Nitro-3-methoxyphenacy] - phthalimidomalo - 
nie Ester (V).—The sodium salt of phthalimido- 
malonic ester was prepared by the method of S6- 
rensen(’®, 2,ig, (6.9 millimoles) of phthalimido- 
malonic ester was added to a solution of 167mg. 
(7.3 millimoles) of sodium in LOcc. of absolute etha- 
nol and dissolved by slight warming. The ethanol 
was completely evaporated in vacuo and i0cc. of 
dry acetone was added twice, each time being re- 
moved in vacuo. The residue was completely dried 
in vacuo at 145° for one hour and a half and finally 
dissolved in 140cc, of dry acetone, giving a yellow- 
orange solution, 2.0g. (7.3 millimoles) of IV in 
10cc, of dry acetone was added and after reflux- 
ing the mixture for 15 hours, it was ice-cooled 
for 5 hours to complete the precipitation of so- 
dium bromide, This was discarded and the acetone 
evaporated i vacuo, The residual brown syrup 
containing V was directly submitted to the fol- 
lowing procedure. 

2-Nitro-3-methoxy -benzoylalanine 
syrup was refluxed on the water-bath with a 
mixture of l5ec. of hydrochloric acid and Lace. 
of acetic acid for two hours and ofter further 
addition of LOcc. of hydrochloric acid, refluxed for 
two additional hours, by which the evolution of 
carbon dioxide ceased. The cooled mixture was 
filtered and the filtrate evaporated to dryness in 
Dry acetone was added, whereby a con- 
siderable amount of crystalline glycine hydro- 
chloride (identified by means of paper chromato- 
graphy and analysis of nitrogen) remained 
undissolved. The acetone solution was concen- 
trated and I5ec. of water was added, Acetone 
was turther removed from the mixture, and the 
residue, a turbid aqueous solution, submitted to 
centrifugal separation, The clear solution was 
concentrated somewhat in vacuo, whereby white 
crystals (nu.p. 197°) appeared. They were dis- 
carded and the residue was evaporated and dried 
in vacuo, resulting in 45 mg. of 2-nitro-3-methoxy- 
benzoylalanine hydrochloride (2.2 %, calculated on 
the basis of IV). 

2- Amino -3- methoxy -benzoylalanine hydro- 
chloride (Vil).—The aqueous solution of 45 mg. 
of ViI-hydrochloride was reduced, using palla- 
dium black as catalyst, and the solution, posses- 
sing a blue-green fluorescence, was evaporated in 
vacuo after the addition of a few drops of con- 
centrated hydrochloric acid. 37mg. (80%). m.p. 
(decomp.) 153°, 

$-Hydroxykynurenine (+chromogen) (VIII).— 
A solution of 37mg. of VII-hydrochloride in 20cc. 
hydrobromic acid and 10cc. acetic acid was 
refluxed for three hours, The removal of the 
solvent in vacuo yielded white needles, m.p. 
(decomp.) 230°, with a positive diazo reaction 
(Ehrlich’s). The hydrobromide was dissolved in 
dilute sulfuric acid and somewhat concentrated 
under carbon dioxide. The solution was neutral- 
ized with barium hydroxide and the barium 
sulfate discarded. By concentrating the filtrate 


(VI).—The 


vacuo, 


(LO) S. P. L. Sdrensen, Z. physiol. Chem, 44, 
454 (1905), 
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in vacvo and cooling, 22mg. (77%) of+-chromogen 
was obtained as yellow needles. m.p. (decomp.) 
217°. Anal. Cale. for CygH;204Ne: OC, 53.57; H, 
5.36, Found (dried for 3 hours at 140°): C, 53.16; 
H, 5.84. The sample thus obtained gave all the 
qualitative natures expected for+chromogen and 
was positive to biological tests using the MaJ- 
pighian tubes of Drosophila. Details regarding 
biological tests are to be published elsewhere. 
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The authors are greatly indebted to Prof. F. 
Egami for his encouragemenis given in the course 
of this study and Dr. H. Kikkawa (Sericultural 
Expt. Stat., Taketoyo Branch) for carrying out 
the biological tests, 
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A New Polypeptide Structure of a-Keratin 


I. Introduction.—A question of the first 
importance for the structural-chemical study of 
proteins is to determine by the results obtained 
from physical and chemicai experiments how 
the polypeptide chains are constructed from 
their constituent molecules or molecular resi- 
dues, 2nd how they are assembled. For fibrous 
proteins several model structures have been 
proposed by different authors, but all of them 
appear to be still unsatisfactory. Astbury’s 
model for @-keratin,“? for example, involves 
some unreasonable points.‘?? Simanouti and 
Mizushima“ offered a bent form model for 
a-keratin and an extended form for @-kera- 
tin, concluding that these models could reason- 
ably explain many problems concerning the 
structures of proteins to an appreciable extent. 
However, the tetrahedral configuration they 
assumed to represent the C atom of the car- 
bony] radical does not accord with experimental 
facts. It is known from the results of electron 
diffraction experiments on formaldehyde‘? and 
acetaldehyde® that the three bonds of the C 
atom in a carbonyl radical lie in one plane, 
making angles of about 120° mutually. Mizu- 
shima znd Simanouti reported also that the 
identity distance of @-keratin chain calculated 
from their bent form model, using Pauling’s 
covalent radii, agrees very well with the ob- 


(1) W. T. Astbury and A, Street, Phil. Trans. 
Roy. Soc., A280, 75 (1938. W. T. Astbury and H. 
T. Wood, Phil. Trans, Roy. Soc., A282, 333 (1933). 

2) K. H. Meyer and H. Mark, “Hochpolymere 
Chemie, II” (1940), 

(3) T. Simanouti and S, Mizushima, This Bul- 
Bulletin, 21, 1 (1948). 

(4) D. P. Stevenson, J. E. Lu Valle and V. 
Schomaker, J. Am. Chem, Soc., 61, 2508 (1939). 

(5) D. P. Stevenson, H. D. Burnham and Y, 
Schomaker, J. Am. Chem. Soc., 61, 2922 (1939). 

(6) S. Mizushima and T. Simanouti, “Struc- 
tures of Proteins.” (in Japanese), p. 77. Gaku- 
zyutu Tosho Syuppansha, Tokyo (1949). 
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served 5.154. If we calculate this distance, 
taking 109°28' for the bond angles on each of 
the Q@-carbon and the N atoms, and 120° for 
those on the C atom in the carbonyl] radical, 
it becomes 5.12 A. However, the N---O dis- 
tance of the N-H---O hydrogen bond comes 
out to be 1.98 4. This is much shorter than 
the ordinarily accepted value for this bond of 
about 2.85 4. Assuming the tetrahedral angles 
also for the C atom in the carbonyl radical, 
as indicated in Simanouti and Mizushima’s 
figure, the identity distance becomes 4.91 A., 
and then the overall N—-H---O distance short- 
ens to a much smaller value 1.82 A. This 
would mean the existence of a steric hindrance 
between the N and.the O atoms. 

Recently Mizushima, Simanouti ef al. stu- 
died the structure of N-methyl acetamide, 
which they regarded as a constructive unit of 
polypeptide chains, by. ultraviolet absorption, 
Raman effect, infrared absorption and dipole 
moment measurements. They found that this 
molecule has no enol—form, and it involves a 
resonance between two structures, and the two 
methyl radicals were concluded to be in trans 
position in a coplanar configuration. These 
findings all seem to favor their bent and ex- 
tended models for keratins, but whether the 
relative orientations of atoms found in the 
simple N-methyl acetamide molecule would 
directly represent the circumstances obtaining 
in a highly polymerized substance like keratin 
chains is a question we must be very cautious 
about. Their conclusions appear to need more 
experimental verifications in this very point, 
although their results about the N-methyl 
acetamide molecule itself appears very good. 
We would rather consider that the -C-N-C-C- 
chain structure in the N-methyl acetamide 


(7) S. Mizushima and T. Simanouti, Kagaku (ip 
Japanese), 19, 252 (1949). 
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molecule does not necessarily be kept exactly 
in fibrous proteins, where long polypeptide 
chains are tangled and sidely connected at 
various positions in a very complicated way. 

We now turn to examine Huggins’ model,“ 
proposed and discussed in detail early in 1948, 
for the polypeptide structures of silk-fibroin, 
a- and @-keratins and collagen. In his struc- 
tures Huggins assumed bond distances and 
angles based on Corey’s data of X-ray 
analyses for diketopiperazine,(™ glycine?” and 
alanine.“ However, in his model for @-keratin 
[Fig. 11 on p. 210, Fig. 14 (a), (b) and (c) 
on p. 212 of his paper], the calculated N---O 
distance of the N-H---O bond is 2.17 A. (for 
the case of the identity distance 5.15 A.), 
disagreeing with 2.85 A. given in his Table 1 
for this distance. If we stretch the chain to 
obtain a model for @-keratin until all bonds 
in the main chain come in one plane, the 
calculated identity distance becomes 7.48 A., 
which is very much larger than the observed 
value 6.64 A. In glycine and alanine mole- 
cules there are positive and negative charges 
and the N—C, and Cyg—C bond distances are 
apt to be influenced by these charges. In the 
diketopiperazine molecule several resonating 
structures are proposed. However, there is no 
charge in the polypeptide main chain, and the 
occurrence of resonance phenomena has not 
been confirmed. Therefore we cannot agree 
with Huggins in assuming the same bond 
distances and angles for fibrous proteins as 
occurring in simple molecules of glycine, ala- 
nine and diketopiperazine. Moreover, if we 
look into the stereochemical significance of Cy 
atom in his models [Fig. 11 and 12 on p. 
210, Fig. 13 on p. 211, Fig. 14 (a), (b) and 
(ec) on p. 212], we may easily verify that these 
models are constructed solely from p-acids. 
As a matter of fact, most of his models can 
as well be constructed from L- as from p- 
constituents. In this respect it may be men- 
tioned that Simanouti and Mizushima’s bent 
form model is also derivable even if we inter- 
change the positions of R and H. 

No explanation seems to have ever been 
offered as to why p-type amino acids do not 
exist in natural proteins. So long as we as- 
sume protein structures in which the positions 
of R and H attached to Cy are interchange- 


(8) M. L. Huggins, Chem. Rev., 32, 195 (1943). 

(9) R. B. Corey, Chem. Rev., 26, 227 (1940). 

(10) R. B. Corey, J. Am. Chem. Soc., GO, 1598 
(1938). 

(11) G. Albrecht and R. B, Corey, J. Am. Chem., 
Soc., 61, 1087 (1939). 

(12) H. A, Levy and R, B. Corey, J. Am. Chem. 
Soc., 68, 2095 (1941). 
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able, we should expect poth p- and 1-amino 
acid products in the hydrolyses of natural 
proteins. That this is not the case is shown 
by every evidence, and we are forced to con- 
sider that the true structures for proteins are 
those in which only one single type (1) of 
amino acids are contained as constituents. 

From the above arguments it is clear that 
both Huggins’ and Simanouti and Mizushima’s 
models for keratins are not entirely satisfac- 
tory. We are going to propose, in this and 
in the succeeding .paper, new models for a-, 
8-, and feather-keratins and silk-fibroins 
which appear more reasonable than those of 
the above authors, and in this paper we shall 
limit ourselves to the treatment of the struc- 
ture of a@-keratin. 

II. Amino Acids.—We shall describe here 
briefly about amino acids constituting poly- 
peptide chains of proteins from the structural- 
chemical standpoint. Amino acids obtained by 
hydrolysis of natural proteins are all @-amino 
acids and their general formula is given by 


R—CH—COOH 
| 


but in accordance with the X-ray diffraction 
results of crystals of glycine“ and alanine,“ 
we had better write the formula as 


R—CH—COO- 
| 
NH;* 


Amino acids are classified into three kinds. 
(1) When R=H, this is 
optically inactive glycine. H 
Two H atoms are attached to | 
the Cy atom and three to the H—C—COO- 
N atom. | 
(2) When R=CH:, C.Hs, 
etc. (about 27 radicals), the 
acids are all optically active. 
Here we naturally expect the 
existence of p- and tL-type 
antipodes, whereas @-amino 
acids obtained by hydrolysis 
of natural proteins are all of the 1-type. By 
the studies of Freudenberg, Kuhn,‘ etc. 
the absolute configuration of L-alanine is con- 
cluded, by analogy to the configuration of L- 
lactic acid, to be the one shown in the next 
figure. Thick horizontal bonds point to the 
front of the paper and thin vertical bonds 


(13). K, Freudenberg, “Stereochemie,” 662 (1932). 
(14) W. Kuhn, Naturwiss., 26, 289, 305 (1938). 













ino 
ral 


















October, 1950) 


point to the back of it. For 
amino acids other than L- 
alanine proper radicals are to NH;‘—C—H 
be substituted in place of CH3.- 
In this configuration one H CH; 
atom is connected to the Cy, 
atom and three to the N atom. 

(3) When R becomes longer and is con- 
nected to the N atom to form a ring, we 


COO- 


Ccoo- 





COO- 


| | 
/ Ni" —C—H J NH: —C—H 


CH 


\CH.——CH: , 


“\cH—CH, . 


| 
OH 


obtain proline and hydroxyproline. Here one 
H atom is attached to the Cy, and two to the 
N atom. 

Ifl. Polypeptide Chain.—In fibrous pro- 
teins it is considered that @-amino acids con- 





“3 R 
’ 





Table I 
Bond Lengths and Bond angles* 
Bond Lengths* Bond Angles 
N—Ca 147A, H 
Ca—C 1.54 —Ca—: Tetrahedral con- 
z | figuration. 
C—N 147, BR 7 


Ca Each angle 


N—H_ 1.00 ° n/|\R 109°28’ 
Ca—H 1.09 ,, Cc 
ef 
Ca—R_ 1.54 ,, C 
: Plane triangular 
C—O 122 configuration. 
N 
CN / 
| Each Angle 
O 120° 
\7 
Ca: Carbon atom in : Pyramidal con- 
figuration. 


the a-position. H 
C: Carbon atom in 
the carbonyl radical 


N Each Angle 
Oo 
n’/~ Cc 109 


Ca 


* L. Pauling: “The Nature of the Chemical 
Bond,” p. 164 (1940). 
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Fig. 1.—Bond direction types in N—Cag 





stitute the polypeptide chain, after dehydra- 
tion in the interaction of the COO~ radical of 
an amino acid molecule and the NH;* radical 
of another. 

In the polypeptide chain thus formed we shall 
assume for the various bond lengths and angles 
the values given in Table 1. The intramo- 
lecular rotation about the C-C single bond in 
dihalogenoethane, CH,X-CH.X, has been 
studied by Mizushima, Morino, et al.0> In 


-H.O -H,0 


| 
R 


| t 
O R O 


analogy to their papers, we can consider a 
great many possibilities of bond orientations 
in our polypeptide chain. In our case, how- 
ever, the reduced symmetry makes a rigorous 
treatment extremely difficult, so we may, at 
least qualitatively, assume the bond directions 
shown in Figs. 1, 2 and 3 as the most probable. 
The N or C atom enclosed by a circle is the 
atom nearer to the reader in a N—-Cy or a 
C,—C bond seen in its direction, and its other 
bond which will be used in the chain forma- 
tion is shown by a thick arrow. In a T-type 
configuration the main bonds (chain bonds) 
are in the trans form. A G-type is obtained 
from _a T-type by rotating the upper or the 
lower atom with its arrow-indicated bond 
through a proper angles (< 180°) about the 
central bond as an axis in either direction. In 
our figures we show the cases of the upper 
atom turned. For the N—C, bond (Fig. 1) we 
obtain as the T-Type Tj and Tj, but we must 
exclude Ti and Tf as they correspond to the 
cases of p-amino acids. Hereafter p-type bond 
directions shall all be omitted. For the G-type 
Gj and Gj are derived from Ti and G} and 
G‘ from Ti. Fig. 2 shows bond directions of 
Cz and C atoms in a Cy—C bond. T-type: 
only T,. G-types: turning the upper atom 
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through 120° we get G) and G3, by 90° 
rotation G} and Gj, by 60° rotation G} and 
G’. In Fig. 8 bond directions of C and N 
atoms in C—N are shown. T-types: Tj, T3. 
G-types: turning the upper atom of Tj type 
through 120° we get G3 and G?, by 90° 
rotation G3 and Gi, by 60° rotation Gs and 
G’. Similarly we get Gj, G3, G’, Gi’, G}' and 
G? from the T? type. 

IV. Polypeptide Structure of a-Kera- 
tin.— Protein of mammalian hair or wool is 
keratin. Important amino acids constituting 
it are leucine (11.5 ¢.), glutamic acid (12.9 ¢.), 
cystine (13.1¢g.), arginine (10.2g.) and so on 
(in 100 ¢. wool). In addition there is a little 
content of glycine (0.6g.). Proline is also 
present in a relatively small amount (4.4 g.).0 
Therefore amino acids of the kind described 
in I (2) takes a greater part. An X-ray dif- 
fraction study of keratin was carried out by 
Astbury and Street.7? Keratin in an ordinary 


® 


Oo 


© Carbon. ° 


© Oxygen. a Nitrogen. 


e The first carbon atom of R, 


Fig. 4.—Polypeptide structure of @-keratin 


state is @-keratin, and it has a rectangular 
cell (a=27 A. b=10.3 A, c=9.8A,). The half 
of b, ie., 5.15 A. is called the identity distance, 
and c=9.8 A. is termed the side chain spacing. 


(15) ©. Rimington, Biochem. J., 28, 41 (1929). 


Hydrogen. 


~, Pr a Ss 
oo WN» 
G +Gs 
Fig. 3.—Bond direction types in C—N 
The structure of the polypeptide chain of 
a-keratin must suffice all the conditions de- 
scribed in II (2) and III. Also it must explain 
the identity distance 5.15 A., and at the same 
time must be arranged on the principle of no 
steric hindrance. Among many different com- 
binations of bond directions shown in Figs. 1, 
2 and 3 the only structure satisfying all of the 
above conditions is the one given in Fig. 4, 
in which the chain structure is shown projected 
on three planes. The main chain is not con- 
tained in one plane. Carbonyl radicals are 


Table 2 
C M—— N ®—» 
N @— CC, —>» 
Ca— C OM —» 
C O— N © —>» 
N ©— ©, —» 
C,— C  —» 
C M—— N 6) —» 


N ®— Cat* —>» 


TTTTTtttt 


C MO C (H_» 


attached alternately up and down. The C=O 
radical attached to the 1 or 7 C atom points 
down forwards, and that attached to the 4 
or 10 C atom up backwards. As amino acids 
are all of the L-type, Ca—-R points down 
backwards from C, (6), and from Cg, (8 or 9) 
it points up forwards. When C,—H makes a 
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tetrahedral angle with Ca—R, an N atom 
approaches it and a C-H---N hydrogen bond 
is formed. In many literatures (for examples 
(3), (8), (16)), N-H---O hydrogen bonds are 
assumed as the intramolecular hydrogen bonds 
in @-keratin, but if that kind of hydrogen 
bonds were included in our prerequisites, we 
would obtain no stable main chain and the 
identity distance would become much smaller 
than 5.154. Evidences that the C-H vibra- 
tion frequency 2960cm~? is observed in the 
infrared absorption of proteins“? seems un- 
favorable for our C-H---N bond. However, 
for this frequency we would rather assume 
that a C-H vibration in side chains is re- 
sponsible, such as in the CH; radical of alanine 
residue. That N-H---O bonds actually are 
present in quantity in proteins has been con- 
firmed by infrared studies,“? but there seems to 
be no evidence that they must be contained 
in the main chain. Therefore we want to as- 
sume C-—H---N hydrogen bonds in the poly- 
peptide structure of a@-keratin. The circum- 
stance that a single H atom is attached to Cy 
in the @-amino acid molecule seems very 
favorable for the formation of C-H---N bonds. 

Now let 
of various bonds in our main chain 


us look at the mutual orientation 
(Fig. 4). 
li we pick up tv.o consecutive atoms arbitrarily 
in the chain and place the atom labeled with 
a smaller number in the position of the upper 
in one of the figures in Figs. 1, 2 and 
we obtain Table 2. We see here only the 
series Ti—Gj—G; repeats. If we took Gi for 
Ti, and some other types in places of G) 
and G3, steric hindrances would come in, and 
even if no steric hindrance occurs the identity 
distance deviates from 5.15 A. greatly. The 
caleulated value of the identity distance of the 
structure shown in Fig. 4 is 5.20 A., the C---N 
distance in C-H-+-N hydrogen bond 2.60 A. 
and the N---H distance 1.93 A. 
Out of the bond direction types shown in 
Figs. 1, 2 and 3 those leading to steric hin- 


(16) W. T. Astbury, T’rans. Faraday Soc., 36, 
STL (1940); A. E. Alexander and E. K. Rideal, 
Nature, 147, 541 (1941). 
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drances, such as T? and Gj, must be excluded. 
All other types derived from these two, i.e., 
Gi, Gi, Tj, G3, G%, G}’, G} and G;’, are ex- 
cluded. Next, if we interchanged R and H 
in every amino acid constituent in our struc- 
ture, we would obtain a chain from T} ete., 
which is made up solely of p-types. But 
Obviously this structure cannot arise because 
of steric hindrances necessarily introduced. It 
can be concluded that the polypeptide chain 
of a@-keratin derivable solely from L-amino 
acids must have the 
Fig. 4. 

Naturally we might imagine a chain struc- 
ture which is exactly a mirror image of the 
one shown in Fig. 4. It would be composed 
solely of p-amino acid constituents and yet 
has no steric hindrance. 


structure shown in our 


However, this struc- 
ture is unnatural on the experimental ground 
repeatedly stated above, inasmuch as we ex- 
clude the chance that all the p-amino acids 
in proteins infallibly convert themselves into 
their antipodes in the process of hydrolytic 
decom position. 


Resumo. 


(1) Aminoacidoj 
klasojn. 

(2) Pri polipeptida Geno valuoj de atom- 
valentaj longecoj kaj anguloj, kaj atomvalentaj 
direktoj montritaj en Tabelo 1, Fig. 1, 2 kaj 
3 estas supozitaj. 

(3) Nova polipeptida strukturo de @-kera- 
tino derivebla eksklusive el 1L-aminoacidoj 
estas proponita, en kiu nur la unigtipa serio 


estas klasigitaj en tri 


Ti- Gi- G} ripetas, kaj samtempe tre probabla 


apero de C-H:--N hidrogena unigo en la 
polipeptida ceno de a@-keratino estas emfazita, 


In conclusion, the author wishes to express 
his hearty thanks to Prof. S. Imanishi for the 
kind guidance and valuable discussions, and 
also to the Ministry of Education for grants in 
aid out of the Scientific Research Expenditure. 


Chemical Institule, Faculty of Science, 
Kyisyii University, Fukuoka, 
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On the Structures of Fibrous Proteins. II. 
New Polypeptide Structures of 8- and Feather-Keratins, and Three 
Silk-Fibroins of Bombyx mori, Saturnia pyri and Antheraea mylitta 


By Yoshiya KANDA 


(Received October 31, 1949) 


I. Introduction.—In Part I of this series“ 
the author presented a new structure for a- 
keratin by assuming reasonable values for bond 
lengths, bond angles and bond directions. In 
this paper we shall proceed to present new 
structures for the polypeptide chains in @- 
keratin, feather-keratin and three silk-fibroins 
of Bombyx mori, Saturnia pyri and Antheraea 
mylitta. 

II. Polypeptide Structure of 8-Keratin. 
—It was found by Astbury™ that X-ray dif- 
fraction patterns of ordinary keratin is differ- 
ent from that of fully stretched one (elongated 
to about 29%). The stretched keratin is called 
8-keratin. It has a rectangular cell, the unit 
cell dimensions being: a=9.3A., b=6.64A,, 
c=9.8A. Astbury called 6.64 A. the identity 
distance, 9.8 A. the side chain spacing, and 
4.65 A. (one half of 9.8 A.) the backbone spacing. 


O 
Fig. 1. 


It is generally considered that in the poly- 
peptide structure of @-keratin every bond in 
the chain lies in the trans-direction with re- 
spect to the next but one bond on either side.“ 
It appears that this view has been accepted 
generally without any question, whilst the 
structure of @-keratin has very much been 
discussed about by many investigators. Ac- 


(1) Y. Kanda: Bull, Chem, Soc. Japan, 28, 137 
(1950), 

(2) W. T. Astbury and A. Street, Phil. Trans. 
Roy. Soc., A 230, 75 (1931); W. T. Astbury and 
H. T. Wood, ibid., A 282, 333 (1933). 

(3) K. H. Meyer and H. Mark, “ Hochpoly- 
mere Chemie, II,” 1940, 


—Polypeptide structure of polyglycine. 


cording to the X-ray diffraction results of 
glycine crystal by Albrecht and Corey,‘® the 
form of glycine molecule in the crystal is 
almost planar. From this fact we suggest a 
structure shown in Fig. 1 for the polyglycine 
chain formed of only glycine residues. Bond 
direction types used in this structure are given 
in Table 1, in which only the series T]—T.—T; 
repeats. All of these are trans. The cal- 
culated identity distance is 7.47 A., somewhat 
larger than 6.64 A. observed for @-keratin. On 
the other hand the X-ray diffraction experi- 
ment of pr-alanine crystal by Levy and 
Corey“ shows that the alanine molecule is not 
planar. Leucine, one of the major constituents 


of keratin, has a radical CH; 
oH—CH— 
CH, 


Table 1 

C O— N @ —>» T} 
— N® Ca) —>» TI 
— Cu C ®—->» T, 
e— C — N © —>» T} 
— NO Ca —> T! 
e— Ca—— C M —» T, 
e— 6 O— NO —> T} 
<— N “&— Ca —> TI 
e— Ca C (%_, T, 


e— 


57 times heavier than a hydrogen atom. If 
we imagine the interactions among neighboring 
chains in #-keratin fibres, it seems very un- 
likely that all bonds in a chain strictly keep 
the trans orientations as stated above. 

Now the polypeptide structure of @-keratin 
should be obtained from that of a-keratin. 
If we stretched our a@-keratin chain (Fig. 4 of 
Part I) we would have the structure shown in 
Fig. 2. Bond types appearing in this structure 
are given in Table 2, in which the series 


(4) G, Albrecht and R. B. Corey, J. Am. Chem. 
Soc., 61, 1087 (1939). : 

(5) H. A. Levy and R. B. Corey, ibid., 68, 
2095 (1941), 
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d } 


Fig. 2.—Polypeptide structure of feather-keratin. 





Fig. 3.—Polypeptide structure of @-keratin, 


T|—Gi—G} repeats. The calculated identity dis- 
tance is 6.06 A., a little smaller than Astbury’s 
6,64 A. for B-keratin. By stretching the chain 
still more we have the structure shown in Fig. 
8 (bond direction types, Table 3), in which 
Ti—G—G3 repeats. In this case the calcu- 
lated identity distance becomes 6,67 A., agreeing 
quite well with the observed value. We would 
therefore offer the structure of Fig. 3 as that 
of 2-keratin. 

III. Polypeptide Structure of Feather- 
Keratin.—Feather- keratin must have a similar 
structure to that of mammalian hair or wool 
keratin, but in the case of quill keratin the 
length of an amino acid residue was found to be 
3.084., different from 3.334. for §8-keratin.© 
The residue length of amino acid in feather- 
keratin (forol) appears to correspond to 3.07 A. 
found by Corey and Wyckoff,” and twice this 
distance 6.14 A. could be taken as the identity 
distance in this substance to which the struc- 
ture of Fig. 2 corresponds quite well. The fact 
that feather-keratin can also be stretched into 
8-keratin as @-keratin can be understood if 
we consider the transition from Fig. 2 to Fig.3. 


IV. Polypeptide Structure of Silk- 


(6) G. L, Clark, “Applied X-rays,” p. 651 
(1940), 

(7) R. B. Corey and R, W. Wyckoff, J. Biol. 
Chem., 114, 407 (1934), 
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% Table 2 
— 0 — N ©—>» G} 
. <— N® Ca —> T!} 
— Ca— C  —> G 
— OO — N © —>» G} 
— NM Cat® —» Ti 
— Cx CO —>» G} 





— OO — NO —>» G} 











e— NO CC. —>» T 
— Cu C C®—» G} 
Table 3 
— C O— NO» G 
— X® Ca —» Ti 
— CC, Cc —> G3 





— C O— N © —> G3 
—N© Cy) —> T! 











— Ca CO—> G} 
— € O— NO—> G 
— N& Ca —» Ti 


Que OC LO C OD» Gs 


Fibroin of BombyX mori.—Silk-fibroins, as 
well as G-amino acids constituting them, have 
extensively been investigated. Important constit- 
uents of silk-fibroins are glycine and alanine. 
Beside these there are tyrosine, arginine, serine, 
etc. A so-called periodic theory was offered 
to explain the structures of these substance by 
Bergmann and Niemann.“ Meyer and Mark,‘ 
however, found that there are crystalline and 
non-crystalline parts in silk-fibroin and that 
the unit cell of the crystal is too small to 
contain a tyrosine residue, disagreeing with 
the theory of Bergmann and Niemann. Argi- 
nine and other amino acids are contained 
more often in the non-crystalline than in the 
crystalline parts. Meyer and Mark considered 
the chain structure of silk-fibroins in general 
as consisting of glycine and alanine (or serine 
etc.) residues alternating. The identity distance 
of silk-fibroin of Bombyx mori was found to be 
6.95 + 0.25 A. by Kratky and Kuriyama.” 
Heertjes’ reinvestigation’” confirmed their 
results, and the unit cell dimensions were 
determined as a= 1045 A, b= 4.95 A, 


(8) M. Bergmann and C. Niemann, J. Biol. 
Chem., 122, 577 (1938). 

(9) K. H. Meyer and H. Mark, Ber., 61, 1932 
(1938). 

(10) O. Kratky and 8. Kuriyama, Z phys. 
Chem., B 11, 363 (1931), 

(11) P. M. Heertjes, Rec. Trav. Chim., 60, 329 
(1941). 
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c= 6.954, ¥Y = 61°10’; its density p = 1.341 
from the macroscopic density measurement. 
The identity distance 6,95 A. may be inter- 
preted to correspond to the distance between 
two glycine residues. It is considered that in 
the polypeptide chain composed of only glycine 
residues (polyglycine chain) all chain-forming 
bonds stand mutually in trans relations as 
shown in Fig. 1 and Table 1. But in the 
residue of amino acid other than glycine, bond 














Oo 


Fig. +4.—Polypeptide structure of silk-fibroin 


of Bombyx mori. 























Fig. i 
Saturnia pyri. 


direction types are not all T but some are G. 
As the residue lengths of @-amino acids other 
than glycine are all smaller than that of gly- 
cine, it is not correct to take the identity dis- 
tance for silk-fibroin simply as twice the length 
3.5.4. as we find in many literatures. The 
identity distance in @-keratin is smaller than 
that of silk-fibroin because it does not contain 
glycine residues. The polypeptide structure of 
silk-fibroin of Bombyx mori is shown in Fig. 4. 
In this structure we see the amino acid residue 
(1-2-3-4) which was used in the structure of 
feather-keratin of Fig. 2 and the glycine residue 
(4-5-6-7) used in the polyglycine structure of 
Fig. 1 are joined alternately. Bond direction 
types used in this structure are given in Table 4, 
in which the series T}—G3}—T}—Tj}—T.—G} 
repeats. For this fibroin we may construct the 
chain in another way, in which the glycine 








5.—Polypeptide structure of silk-fibroin of 
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residue (1-2-3-4) of Fig. 1 and the amino acid 
residue (4-5-6-7) of Fig. 2 alternate, having 
bond series Ti—T,—G3 —Ti—Gi—Ti (Table 5), 
But as this arrangement is seen to be identical 
with the one given above, we need not treat 
it separately. The calculated identity distance 
for this structure is 7.02 A., very near to the 
observed 6.95 A. 

V. Polypeptide Structure of Silk- Fibroin 
of Saturnia pyri.—Kratky and Kuriyama”? 







Table 4 
e— CO-_N O —» 











— NO —C, —>» T! 
<— Ca—C  —> G3 
e— C€M—N®—-» T!} 
<— NO—Ca® —» T!} 


—  Ca—C —-» T, 
e— 6 O-_N™ —> G3 
— N©—_O, — T} 
— Ca—C (%__» G3 











Table 5 

e— €O—N®—->» T!} 
e— NO—Ox —» T} 
<—— 0,—C —>» T, 
<— € O—N©—> G} 
<— N©—Ca® —> T} 
—— CxX—C  —» G3 
e— 0 —N ©) —» T: 
e— NO&O—C, —> T} 
— Oy C Co» T, 



























determined the unit cell dimensions of the 
fibroin “Satonia” as a = 6.46A., b = 1543 A., 


e=72A4. and ¥ = 61°10’. According to Si- 
mizu“”? the wild silkworm “ Satonia” studied 
by the above authors might have been Satur- 
nia pyri. The structure of this silk-fibroin 
can be given as shown in Fig. 5, in which we 
see the amino acid residue (1-2-3-4) used in 
the 8-keratin chain of Fig. 3 and polyglycine 
chain (4-5-6-7) of Fig. 1 are joined alternately. 
In this case, however, the plane of the 
glycine residue is slightly tilted. Bond series 
T|—G:—T}—T}—T.—G} repeats in this struc- 
ture, as given in Table 6. The identity dis- 


(12) “The Fibre Structures by X-rays,” (in 
Japanese), p. 99. Kogaku-Syuppansya, Osaka 
(1944), 
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Fig. 6.—Poly peptide structure of silk-fibroin of 


Antheraea mylitta, 


Table 7 
— €O—N®—->» G} 


e— NO—C,. — T} 
e— Ca—C © —-» G} 
qe C HN © —>» v: 
— N© Ca) —» T} 
—— Cax©—C © —» T, 





= C MN © —>» G3 
e— NO—C. —> T} 
— 01—_€ (__» G} 





tance is calculated to be 7.25 A., agreeing well 
with the observed value 7.20 A. Fig. 5 shows 
the silk-fibroin chain of Saturnia pyri, while 
the structures (similar to @-keratin) of silk- 
fibroin discussed by previous workers were 
limited only to that of Bombyx mori. 

VI. Polypeptide Structure of Silk- 
fibroin of Antheraea mylitta. —X-ray dii- 
fraction studies of silk-fibroin of “ Tussahseide” 
or “‘ Antheraea mylitta” were made by Trongs 
and Hess.“ Beside the two characteristic iden- 
tity distances 6.78 A. and 6.71 A., corresponding 
to the strongest reflections I, and I, some 
other values were also obtained. Taking the 
average of the values for I, and I, we get 
6.75 A., which is smaller than 6.95 A. observed 
for Bombyx mori fibroin. The structure of 
Antheraea fibroin can be given as shown in 
Fig. 6, in which we see the amino acid residue 
(1-2-3-4) in the a@-keratin structure of Fig. 4 
of the previous paper (Part I) and that of 
glycine (4-5-6-7) of Fig. 1 joined alternately 
(repeating bond series Ti—G}—T!—Ti—T,—G, 
Table 7). 6.72 A. calculated for the identity 
distance agrees quite well with the above 
mentioned average value. 


(13) ©. Trongs and K, Hess, Biochem. Z. 260, 
376 (1933). 
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Table 6 
e— 6 O-_N®—>» G3 


Ca ——»> = 








<— N® 
— Ca—C  —>» G3 








— CH—N® —» T} 
e—— N©—C. —> T!} 
CmMmM—» T 








e— Ca 








— CC O—N & —> 3 
<— NO—0, —> T} 
— Ca C am__» GS 





VII. Conclusion—We have determined 
the polypeptide structures of @-keratin (Part I) 
feather-keratin, @-keratin and silk-fibroins of 
Antheraea mylitta, of Bombyx mori and of 
Saturnia pyri, starting from the conditions 
stated in Part I together with experimentally 
obtained identity distances. These six sub- 
stances seem to have the most typical poly- 
peptide chain structures, but various inter- 
mediate type structures may also exist. For 
example, in the X-ray diffraction studies of 
collagen, the are on the meridian at 2.8 A. has 
not been clearly explained. Assuming twice 
this distance 5.6 A. as the identity distance, we 
may regard collagen as having a structure 
intermediate between a@- and feather-keratins, 
Also, sericine@® (identity distance 6.83 A.) may 
be an intermediate type fibroin between those 
of Antheraea mylitta and Bombyx mori. 

In the six typical structures given above of 
polypeptide chains, we see only nine bond 
types Ti, T:, G2, Gi, G2, T3, G3, G} and Gj 
occur. For intermediate structures we can 
assign intermediate bond types, for example, 
between G} and G3. Heretofore types Gi, 
Gi, ts, Gi, Gg, G3, G} and Gs among those 
shown in Figs. 1, 2 and 3 of Part I have 
not entirely been used. For the explanation 
of tangled chain structures, however, these 
types may play important roles. Resumés for 
the six typical structures of polypeptide chains 
are given in Table 8. 


Resumo. 


(1) La _ polipeptidaj strukturoj de pluma 
keratino kaj $-keratino estas akiritaj kiam 
la @-keratinéeno estas strecita kaj unigtipa 


(14) G. L, Clark and J. A. Schaad, Radiolog., 
271, 339 (1936). 

(15) M. Simizu, Bull. Imperi. Sericult. Experi. 
Station, (Tokyo), (in Japanese) 10, 441 (1941a). 
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Table 8 
Typical Structures of Polypeptide Chains 


Fibrous Proteins ~ 

Obs., A. 
a-Keratin 5.15 5.20 
Feather-Keratin 6.14 6.06 
p-Keratin 6.64 6.67 


Silk-Fibroin of 
Antheraea mylittar 

Silk-Fibroin of 6.95 
Bombyx mori _ 

Silk-Fibroin of 90) 
Saturnia pyri os 

Polyglycine* TAT « 


” 


6.75 


Identity Distance 
a, 
Cal, A. 


Bond Direction Types 
T|—G}—G}—T|—G}—-G} 
T!—G3}—G3_T!—-G3_-G} 
T\—G;—G,—-T|—-G,-G} 
Ti|—G;—T;—T|—T,—G; 
Ti—G3—T!_T!_T, —G} 
Ti—G}—T!—T|—T,—G} 
T!—T,—T} —T|—T.—T} 


* Added for reference, although not a natural fibrous protein. 


serio farigas T}—G:—G} kaj T|—G3—G3 respe- 
ktive. 

(2) La strukturo de silkfibro de Antheraea 
mylitta, Bombyx mori aa Saturnia pyri estas 
akirita kiam aminoacidaj restajo de poliglicino 
kaj tiu enhavita en @-keratino, pluma keratino 
ai 8-keratino estas alterne kunligita. 

(3) La strukturoj supre proponitaj povos 
esti konsideritaj kiel la tipaj strukturoj aldo- 
niteblaj al polipeptidaj CGenoj en  naturaj 


fibraj proteinoj, pri kiuj Ciu ripetdistanco tre 
proksima al observita valuo estas calculita. 
Rezultatoj estas resumitaj en Tabelo 8. 


In conclusion, the author wishes to express 
his sincere thanks to Prof. S. Imanishi for the 
kind guidance and valuable discussions, and 
also to the Ministry of Education for grants in 
aid out of the Scientific Research Expenditure. 


Chemical Institute, Faculty of Science, 
Kyisyi University, Fukuoka, 


Wettability of Solid Surface. IV. Wettability of Palmitic Acid Surface 
towards Aqueous Salt Solutions 


By Ayako INABA 


(Received March 30, 1950) 


Introduction 


The phenomena of wetting of solid surface 
have been studied by numerous investigators. 
The present author has also continued the 
theoretical studies upon these phenomena and 
reported some results chiefly concerning the 
wetting of paraffin, palmitic acid, and cetyl 
alcohol] surfaces. According to the preceding 
report,” the surface of palmitic acid proved 
to be non-wettable at the moment of contact 
with water, while it showed increase in wet- 
tability with time of contact. However, the 
results of later experiments, made on ap- 
parently the same conditions, showed that the 
surface of palmitic acid remains evidently 
unwettable even by a long time contact with 
water. A careful examination of experimental 
conditions, which lead us to such an apparent 


(1) Inaba, Memoirs of the Faculty of Science, 
Kyisyt University, Ser. C, 1, 19 (1948). 


contradiction, revealed the fact that the minute 
impurities especially ions in distilled water have 
a great influence upon the wetting phenomena. 
Such a presumption is also confirmed by the 
experimental facts reported by Langmuir 
upon the action of polyvalent metallic ion for 
monolayers on water as well as for built up 
films. Therefore the present author has studied 
the wettability of palmitic acid towards some 
aqueous solutions of electrolytes. 


Experimental 


a. Material.—Paraflin, palmitic acid and cety! 
alcohol were purified similarly as described in the 
preceding reports. Potassium, calcium and 
thorium nitrates, and aluminum sulfate (of extra- 
pure grading of Takeda Pure Chemical Co.) were 
used after recrystallization. Water was redistilled, 


(2) Langmuir and Schaefer, J. Am. Chem. Soc., 
59, 1406, 1762, 2075, 2400 (1937). 

(3) Inaba, Memoirs of the Faculty of Science, 
Kyiisyi University, Ser. C, 1, 1 (1948). 
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using the apparatus made of “ Vidrex” glass of 
Mitsuya Glass Co. 

b. Method of Measuremeit.—Wettability of 
paraffin, palmitic acid and cetyi alcohol was meas- 
ured for their solidified surface by means of the 
modified Du Néuy tensiometer, the details of which 
have been described in the preceding paper.“ 
The apparatus employed was essentially the same 
as used by Sasaki for the surface pressure meas- 
urement.  ¢-po- 
tential of palmitic 
acid in contact with 
solution was meas- 
ured for its sol by 
means of electro- 
phoresis, using the 
apparatus modified 
also by Sasaki, 
which is illustrated 
in Fig. 1. This ap- 
paratus eliminates 
the troublesome 
operations of both 
obtaining ultrafil- 
trate and making 
sharp initial boun- 
dary between a sol 
and _ ultrafiltrate, 
because the semi- 
permeable mem- 
brane of the ap- 
paratus acts to pro- 
duce ultrafiltrate 
and form a sharp 
boundary automat- 
ically as the electro- 
phoresis proceeds, 
The moving 
boundary can be 
seen in position 
below the membrane as shown in Fig, 1. The two 
platinum electrodes B serve to measure the poten- 
tial gradient applied for sol, which is done by 
means of the compensation method. 


Yl 


Fig. 1.—Simple apparatus 
for e ectrophoresis: A, semi- 
permeable membrane; B, 
platinum auxiliary electro- 
des; C, platinum electrodes; 
D, colloidal solution. 


Experimental Results and Discussion 


Wettabilities of the solid surface of parattin 
both crude and purified), palmitic acid and 
cetyl aleohol towards 0.1. N aqueous solutions 
of potassium, calcium, aluminum and thorium 
salts were measured, the results of which are 
shown in Table 1 and are partly illustrated in 
Figs. 3 and 4, where the wettability is expressed 
in terms of the work of adhesion, Wa, in 
the unit of erg/em*. The subscript “a” means 
that the work of adhesion is calculated using 
the value of the advancing contact angle. 


_ (4) Sasaki, J. Chem. Soe. Jupan, 62, 769 (1941); 
= and Takeuchi. J. Chem. Soc. Japan, 68, 372 
(1942), 

(5) Sasaki and Hidemura, Aindai Koshitsugaku 
no Tenbo (The Review of Recent Advance in Colloid 
Seience), 1, 304 (1948), 


Wettability of Solid Surface. IV. 


Table 1 
Wa, erg/cm.? of 


pH Timeof este 
Soln of contact ed Crude Palmi- 
soln in min. paraf- tic 
fin acid 


Cety] 
paraf- alcohol 

fin 
46.5 46.3 


77.4 


50.3 
49.4 


108.8 
112.2 


Water 6.0 
VA 7 


0.1N 
KNO,. 6.4 
, UA 
0.1N 
Ca(NO,)2 6.0 


td 7 
0.1 N 
Al(SO,), 2.4 
2 ? 
0O.1N 
Th(NO,), 1.5 
? 7 60 


103.7 


96.7 


102.2 


96.0 


1i2.6 
109.7 
115.7 


111.2 


120~ti6 


143.4 


(Wettabilities are measured both at the moment 
and after one hour of contact with solutions.) 
The table shows that crude paraffin generally 
exhibits an increase in wettability after one 
hour’s contact both with water and aqueous 
solutions, while such an effect is absent for 
pure parattin. In the case of palmitic acid 
surface the wettability increases only in the 
ease of thorium nitrate solution, where a re- 
markable effect is observed. The value of 140 
erg/cm listed in the table corresponds to 0° 
of contact angle. In the case of cetyl alcohol 
the wettability changes in a complex manner, 
showing even a decrease in the case of potassi- 
um and calcium salt solutions. Thus we have 
many problems to make clear, but here we are 
chiefly interested in the remarkable effect of 
enhanced wettability due to thorium salt for 
palmitic acid surface. The aqueous solution of 
0.1 N thorium nitrate shows as low pH value 
as 1.5 due to its hydrolysis. However, this low 
pH value of the solution proved not to be the 
cause of the increase in wettability mentioned 
above, because we cannot observe such an in- 
crease in wettability as exhibited by thorium 
salt in any other solution, though its pH value 
is controlled to 1.5. 

Then, the enhanced wettability of palmitic 
acid surface by thorium salt solution may be 
ascribed to the change in €- potential? of pal- 
mitic acid surface in the solution due to the 
ionic adsorption. To know the effect of [- 
potential upon the wettability, the following 
experiments were carried out. The palmitic 
acid hydrosol was prepared by the radiation 


(6) Bull, Trans, Faraday Soe., 28,597 (1932); J. 
Phys. Chem., 38, 401 (1934). 
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of ultrasonic wave of medium intensity upon 
the mixture of water and molten palmitic acid, 
to which various salt solutions were added. 
The electrophoretic velocity of sol particles in 
such solutions was measured, from which ¢- 
potential was calculated. The results are shown 
in Fig. 2. We can see in this figure that €- 
potential of palmitic acid hydrosol particle in 
pure water is —0.12 volt and addition of the 
salt in increasing amount gradually changes it 
to more positive value. The effect is particu- 
larly remarkable for thorium salt even in ex- 
treme dilution. In the thorium salt solution 
of suflicient concentration the surface charge 
of particle becomes positive. The effect gradu- 


+0.05 


—0.05 
r 


CO } 
= = 


2e8 68 6 ¥% 7) 


—logC, C=eq./1000 ce. 


Fig. 2.—¢-potential of palmitic acid sol 
particle in various salt solutions: Curve 1, 
Th(NO;),; Curve 2, Aig(SO,),; Curve 3, Ca 
(NO.)2; Curve 4, KNO.,. 





4a 
- bog C 
__Fig. 3—Wettability and ¢-potential of pal- 
mitic acid surface in Th(NO,), solution: of [| 
various concentrations: O, Wa (work of ad- 
hesion) in erg/cm.?; +, ¢-potential in volt; 
A, pH of Th(NO,), solution; C, concentration 
of Th(NO,), in equiv./1000 cc, 
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Fig. 4.—Wettability and ¢-potential of pal- 
mitic acid surface in A1l.(SO,), solution of 
various concentrations: O, Wa (work of ad- 
hesion) in erg/cm.?; +, ¢-potential in volt; 
A, pH of Al.(SO,); solution; C, concentration 
of Ale(SO,), in equiv./1000 ec, 


ally decreases in the order of aluminum, 
calcium and potassium salts. To facilitate a 
comparison, we may illustrate the degree of 
wettability and €-potential together with the 
pH of solution for varying concentration of 
solutions of aluminum and thorium salts in 
Figs. 3 and 4 respectively. 

Under the assumption that €-potential of the 
surface of palmitic acid sol particle is the same 
as that of the bulk surface, and ignoring a few 
details, we can see as a whole in these figures 
that the wettability of palmitic acid surface 
towards various salt solutions changes parallel 
with the €-potential of the surface. Namely 
thorium salt solution, showing the most re- 
markable effect of changing the sign of €- 
potential, exhibits the most pronounced effect 
on wettability, and aluminum salt solution 
changing {- potential from negative to zero still 
shows a considerable effect, while the solutions 
of calcium and potassium salts which merely 
decrease the value of negative €-potential have 
no influence on wettability. There has been a 
view concerning the relation between the wet- 
tability and the electrical charge of solid sur- 
face, that if both the surface of solid and air 
bubble in solution have the electrical charge 
of the same sign towards water, solid surface 
remains in wet condition because the bubble 
cannot contact with the surface as the results 
of electrical repulsion between them. On the 
contrary, when the signs of the charges are 
opposite to each other, the solid surface is 
considered to be unwettable for the similar 
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reason. The wetting porperty of palmitic acid 
in contact,with the concentrated thorium salt 
solution may be explained from such a reason- 
ing. It fails however to explain the non-wet- 
tability of palmitic acid towards the salt solu- 
tion of sufficient dilution, where again both the 
surfaces of solid and bubble have the charges 
of the same negative sign. Furthermore, it is 
pointed out that although the ¢€-potential 
curve of paraffin oil measured by Mooney“ is 
similar to that of palmitic acid as shown 
in the diagram inserted in Fig. 2, thorium salt 
is not effective for the increase in wettability 
in the case of paraftin surface. Therefore §- 
potential by itself is not sufficient for the ex- 
planation of wettability. 

According to Langmuir™ the barium stearate 
built-up tilm becomes wettable in the solution 
of thorium salt because the stearate molecules 
overturn themselves in the surface layer and 
polar groups thus exposed contribute to the 
hydrophilic property of the surface. However, 
the view can hardly give any explanation of 
the fact that the €-potential of palmitic acid 
surface which may suffer a remarkable change 
in magnitude if the overturning occurs, is prac- 
tically the same as that of paraffin where the 
possibility of the overturning of molecules can- 
not be expected. 

The explanation has furthermore been offered 
that the increase in surface potential causes 
the decrease in the surface free energy and so 
the change in wettability“? But this theory 
also does not give sufticient explanation to the 
experimental results mentioned above. 

It is worth while to emphasize here the 
possibility that the increase in wettability 
depends on the chemical reaction taking place 
on the solid surface layer. We can expect that 
the suriace of palmitic acid in contact with 
salt solution is covered by the corresponding 
metallic soap.“ Then the remarkable wet- 


(7) Mooney, J. Phys. Chem., 85, 331 (1931). 

(8) Kabanov, Kolloid-Z,, 65, 101 (1933); Adam, 
“The Physics and Chemistry of the Surface,” 
Oxford, 350 (1938). 

(9) It has also been suggested by Dr. T. Tachiba- 
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tability due to aluminum and thorium salts is 
ascribed to ‘the formation of corresponding 
metallic soaps. In this relation, it may be 
noteworthy that special features of such 
metallic soaps, particularly the macromolecular 
nature of them have attracted much attentions 
of several investigators.1°2 In fact we have 
confirmed that the polyvalent metallic soap 
such as aluminum or thorium stearate is the 
only constituent which causes the enhanced 
wettability of crude paraftin by the contact with 
water. The details of experiments and discus- 
sions upon these phenomena will be reported 
in the following papers. 


Summary 


Wettabilities of purified paraffin, crude paraf- 
fin, palmitic acid and cetyl alcohol are measured 
towards aqueous solutions of potassium, 
calcium, aluminum and thorium salts. It is 
pointed out that palmitic acid surface becomes 
remarkably wettable by the contact with aque- 
ous solution of thorium or aluminum salt even 
in the extreme dilution. Such an increase in 
wettability can neither be explained simply by 
€-potential change of the paimitic acid surface 
in those solutions nor overturning of the mole- 
cule in surface layer. Alternative explanations 
are suggested. 


The author wishes to express her thanks to 
Prof. T. Sasaki for his kind advice. The cost 
of this research has been defrayed from the 
Scientific Research Expenditure of the Ministry 
of Education given to the professor. 


Department of Chemistry, Faculty of 
Science, Kydsyi University, 
Fukuoka 


na (Faculty of Science, the University of Tokyo) in 
his private communication to the present author 
that the adsorption of metallic hydroxide towards 
the palmitic acid surface may be considered to 
play an important role in wetting. 

(LO). McGee, J, Am, Chem, Soc., 71, 278 (1949); 
Gray and Alexander, J. Phys. Colloid Chem., 38, 
26 (1949). 
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Introduction 


Sodium diethyldithiocarbamate was intro- 
duced by Delepine™ as a reagent for copper. 
Subsequently Callan and Henderson® also 
pointed out the sensitivity of this reagent for 
copper. Then the reagent has been used for 
the determination of a minute amount of cop- 
per. The author also showed in testing this 
method that it reacts most sensitively with 
copper among many Other metals giving white 
turbidity or coloration and he improved the 
method by the extraction with carbon tetra- 
chloride in the presence of hydroxylamine with 
the result of increasing the accuracy and sen- 
sitivity of the determination. 

In 1935 Atkins,“ while testing copper with 
this reagent, found that a dense turbidity pro- 
duced immediately on addition of the reagent 
to the sample of water taken from a well. He 
concluded that it was due to the presence of zinc 
and was quite an unexpected phenomenon. He 
has given a brief description of the determina- 
tion of zine using the Nessler tube and showed 
that it is as delicate as the ferrocyanide method 
and superior to the colorimetric method by 
resorcinol. Then Miller“? determined zinc in 
a sample of water in the same manner with 
fairly good results. In connection with the 
study on the colorimetric determination of 
copper with this reagent, the reaction of zinc 
and lead were also studied by the author. 
Thus a possible application for the turbidi- 
metric determination of both of these elements 
is described in this report. 


(1) M. Delepine, Bull. Soc. Chim., (4) 8, 652 
(1908); Compt. rend., 146, 981 (1908). 

(2) T. Callan and J. A. Henderson, Analyst, 54, 
650 (1929). 

(3) D. L. Drabkin and C.8. Waggoner, J. Biol. 
Chem., 89, 51(1903); C. A. Elvehjem and E. A. Hart, 
J. Boil, Chem., 91, 37 (1931); L. A. Haddock and N, 
Evers, Analyst, 57, 495 (1932); McFarlane, Biochem. 
J., 26, 1022 (1932); N.D. Sylvester and L. H. Lampitt, 
Analyst, 60, 377 (1935); L. W. Conn et al., Ind. 
Eng. Chem., Anal. E1., 7, 15 (1935); F. Nydahl, Z. 
ana, Chem., 116, 315 (1939). 

(4) Y. Murakami, Bull. Chem. Soc. Japan, 22. 
3 (1950). 

(6) W. R. G. Atkins, Analyst, 60, 400 (1935). 

(6) C. F. Miller, Chemist- Analyst, 20, 8 (1931). 


Experiment 
A. Reaction of Zinc 


a. Effect of pH on the Turbidity.—The 
influence of the acid concentration on the 
turbidity is evident. The influence was tested 
on various pH values and it was found that 
maximum turbidity is obtainable at pH 4.8 
(Table 1). To make the turbidity maximum, 
the comparison must be made letting the solu- 
tion stand for half an hour after the reagent 
has been added. 

The change in turbidity on standing was 
tested as shown in Table 2. 


Table 1 


(Extinction coefficient) 
I i 
0.205 — — 
0,242 0.173 456 
0.219 — 402 
0.184 0.149 O95 
0.154 — .376 
_ 0.105 - 237 


— 0.037 — 


Turbidity 
I 


one 0.025 2029 


Table 2 
A. The Relation between the Change in 
Turbidity and Time 


Time, - P : - 
° . ( 2 « y 2 . 
ole. 10 ) 30 60 120 150 
4.8 0.125 0.156 0.170 0.173 0.174 0.176 0.171 
pul e2 0.328 0.380 0.380 0.382 0.387 = — 


8.8 0.091 0.100 0.119 0.118 0.118 0.120 — 


B. The Change in Turbidity after 24 Hours 


Turbidity (Extinction coefficient) 
o~ after 24 hrs. 
0.091 
0.149 
0.148 
0.080 


after 30 min. 
2.8 0.103 
4.8 0.186 
6.6 0.159 
8.9 0.121 


The turbidity seems to diminish on standing 
even at a suitable pH, but in practical use this 
has no serious effect as the determination will 
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be made before any change occurs, and then 
any stabilizing agent is not required for it. The 
higher the pH value of the solution is the less 
remarkably the turbidity is formed. Therefore 
no turbidity occurs if the solution is made 
alkaline with a slight excess of ammonia. The 
turbidity once formed is easily diminished in 
the same way and the solution becomes per- 
fectly clear on standing for five minutes. 

From these experiments it may be concluded 
that the solution should be buffered at pH 4.8 
with 12.17 ml. of 0.1 N acetic acid and 7.83 ml. 
of 0.1. N ammonia; the turbidity comparison is 
preferably performed in half an hour after the 
reagent is added. 

b. Temperature and Turbidity.—A num- 
ber of experiments were carried out at various 
temperatures in a thermostat to seek the rela- 
tion between turbidity and temperature of the 
solution (Table 3). 


Table 3 
Temperature and Turbidity (at pH 4.8) 
Temp. °C., 10 15 20 25 
Turbidity 1 0.149 0.305 0.360 0.268 
(Extinction 0.347 0.238 
coelt.) 


{i 0.147 = 


The results of these experiments indicated 
that 20° is most favorable for obtaining maxi- 
mum and stable turbidity. 

ce. Application of Lambert-Beer’s Law. 
—It has not been known whether the reaction 
of zine with the reagent conforms with the 
Lambert- Beer’s law or not, but the author has 
found it sufficiently conforms with the law if 
turbidity is produced closely following the con- 
ditions recommended above. 

Thus the following results were obtained when 
10 ml. of 9.1% solution of the reagent is added 
to the solution to be tested, buffered at pH 
4.8 as described above (Table 4). 


Table 4 


Zinc, 7 in 50 ml, 20 49 80 100 


Extinction ) 
coeff. j 


E, (calculated) 0.0905 0.0895 0.0895 0.0910 


O.18L 0.358 0.716 0.910 


The comparison is made with Pulfrich 
photometer using 848 (434 my) filter after the 
solution being made up to 50 ml. 

d. Reaction of Other Ions.—The reagent 
is not specific to copper alone but similarly 
reactive with many other metals. For details 
of interference, references may be made to 
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the reports of Callan et al. and the author™ 
besides those given helow. These interferences, 
however, were rarely encountered in determin- 
ing zine in natural water as well as other water 
samples. Alkali and alkaline earth metals do 
not react with it, thus making it superior to 
the resorcinol method. It is most sensitively 
reactive with copper. Its sensitivity to some 
metals can be compared by calculating EZ, 
from the results, which means the extinction 
coefficient of 1mm. thickness of the solution 
containing 1Y of the element in question in 
1ml. Ifa considerable amount of iron is pres- 
ent, as is usually the case, a dirty yellow 
coloration is produced though the sensitivity 
to iron is much lower than that to the ele- 
ment in question. But it is desirable to pre- 
vent the reaction of iron. This is usually 
performed by removing iron as hydroxide as 
in the copper determimation recommended by 
Callan and Henderson.“*> Haddock et al. 
recommended the removal of iron as hydroxide 
precipitate. However, a considerable amount of 
zine is carried down with iron hydroxide though 
a part of it may also be expected to pass into 
the filtrate owing to the formation of Zn{(NHs),°*. 
Therefore it becomes desirable to prevent the 
reaction of iron with the other method. 

Elvehjem et al.* described a method of 
preventing the precipitation of iron by the 
addition of citrate and the successive addition 
of 1% gum arabic solution. McFarlane proposed 
the use of sodium pyrophosphate for the same 
purpose. The latter is preferable to the former 
as the pH of the solution recommended is 
much nearer to the most suitable pH value 
than in the former method, though the sensi- 
tivity is somewhat decreased. Naturally in 
this case a standard curve at this pH value 
should be constructed. Manganese interferes 
to a considerable extent by imparting a pinkish 
color to the solution which is an indication 
of the oxidation of manganese by the air in 
the solution. However, this coloration is un- 
stable and the solution soon becomes virtually 
colorless, provided that only a small amount 
of manganese is present. Pyrophosphate also 
reduces the coloration. 

The interferences of nickel, cobalt and bis- 
muth which are the chief interfering metals in 
this reaction are rarely encountered because of 
their rarity in natural waters. The presence 
of cyanide prevents turbidity but citrate does 
not interfere even if a considerable amount may 
be present. 


B. Reaction of Lead 


The author has determined copper in 
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biological matters with the reagent after separat- 
ing lead, zinc and copper from the sample by 
dithizone and isolating copper from the others 
by treating it with 0.01 N hydrochloric acid. 
In this procedure copper remains as dithizonate 
but zinc and lead are transferred into the 
hydrochloric acid solution as chlorides. From 
this point, some attempts were made to the 
simultaneous determination of the latter two in 
an aliquot portion of the sample. There exists 
a more sensitive colorimetric determination after 
separating both of these elements. However, 
the turbidimetric determination with the reagent 
finds some important uses as well. 

Tompsett and Anderson‘? described a method 
of preliminary separation of lead in excreta 
and in tissue by this reagent and concluded 
that it is the most suitable reagent for this 
purpose as such. A preliminary separation is 
absolutely required with a sample of a high 
iron content. Then Tompsett determined lead 
in potable water in the same way and showed 
that there are several distinct advantages, e.g., 
more stable turbidity not affected by oxidant 
and easy extractability with ether. 

A white turbidity is produced by the presence 
of lead and a perceptible turbidity is observed 
when the reagent is added to 0.05 mg. of lead 
in 100 ml. aqueous solution. It was found for 
the first time by the author that a white tur- 
bidity due to lead also conforms with the 
Lambert-Beer’s law as shown in the Table 5. 


Table 5 
Conformity to the Law 
Pb (y in 50 ml) 100 200 300 
Extinction I 0.268 0.532 0.812 
pe n 0.261 0.541 0.841 
E, (calculated) 0.0264 0.0268 0.0275 


Table 6 
Reproducibility in Determining Lead 
Extinction 
coefficient 

0.122 46 
f 0.124 47 
( 0.121 46 

0.335 128 
f 0.337 128 
( 0.340 


Expt. Pb (y in 50 ml.) 


0.409 
f 0.411 
l 0.422 


(7) S.L. Tompsett and A. B. Anderson, Biochem. 
J., 29, 1851 (1935); Analyst, 60, 772 (1935); S. L. 
Tompsett, Analyst, 61, 591 (1936). 
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Evidently the presence of lead interferes the 
determination of zinc with the reagent. How- 
ever, a preliminary separation can be suc- 
cessfully made with dithizone in the presence 
of potassium thiocyanate as recommended by 
Hibbard or by other appropriate methods.‘ 

The author also tested the possibility of the 
determination of zinc without a preliminary 
separation from lead. A white turbidity due 
to lead is not affected by a slight excess of 
ammonia, while that due to zinc is thoroughly 
diminished. Some attempts were made to use 
this remarkable difference. Thereupon the total 
turbidity first, and the remaining turbidity 
afterwards, are measured in the same aliquot 
portion after the turbidity due to zinc is di- 
minished by the addition of 8 ml. of saturated 
ammonia and 2 ml. of 1 V potassium hydroxide. 


Table 7 
Reproducibility in Determining Zinc 
Extinction 
coefficient 

0.115 
f 0.124 
‘ 0.123 14.0 
0.177 19.6 
0.168 18. 
0.168 18. 
0.682 76. 
W f 0.683 76. 
l 0.670 75. 


Zn (7 in 50 ml) 


13.0 
14.0 


Expt.” 


* pH 48 ta 20°, 30mm. cell used. 


The subtraction of the latter reading from 
the total will give the experimental value for 
zine but it is definitely higher than the true 
value though the reasons are not yet known. 
Therefore zinc should be determined from the 
standard curve thus obtained. 

From these results it can be concluded that 
for a rapid determination of zinc in the presence 
of lead when speediness is essential and accur- 
acy less questioned, this turbidity subtraction 
method is found most suitable. Even in this 
case lead can be directly determined with a 
good result from the latter reading. Thus it 
wes found that a minute amount of zinc less 
than 40 Y in 50 ml. is permissible in the deter- 
mination of lead- when it is less than 100. 


Method 


In the absence of the interfering elements 


(8) E. B. Sandell, Ind. Eng. Chem. Anal. Ed, 
9, 464 (1937); P. L. Hibbard, ibid., 9, 127 (1937); 
N. D. Sylvester and E. B. Hughes, Analyst, 61 734 
(1936). 
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described above, zinc may be turbidimetrically 
determined as follows : the solution to be tested 
is buffered at pH 4.8 with 7.83 ml. of 0.1N 
ammonia and 12.17 ml. of 0.1 N acetic acid and 
is kept at 20° after diluted to about 40 ml. Then 
add 10 ml. of 1% sodium diethyldithiocar- 
bamate solution and make up to a final volume 
of 50ml. The turbidity is measured with the 
Pulfurich photometer using S43 (434 my) filter 
after 30 minutes. Zinc can be determined with 
the following accuracy (Table 8). 


Table 8 


Accuracy in Determining Zinc in Standard 
Solution 

Present Zn, Difference, 

y in 50 ml. r 
20.0 —0.4 
20.0 —0.5 
20.0 —1.2 
20.0 +1.0 
40.0 +0.8 
40.0 +0.4 
40.0 2:5 
80.0 +2.0 
80.0 —0.3 
80.0 —1.4 


Extinction Found Zn, 
coefficient 7; in 50 ml. 


0.177 19.6 
0.175 19. 
0.168 18 
0.187 4 
0.362 40. 
0.360 40. 
0.347 38. 
0.734 82. 
0.712 79. 
0.704 78. 


2OoOmm 


10 Ot mB 


>) 


In case lead is present in the solution to be 
tested and speediness is more essential than 
accuracy, the determination may be performed 
by the turbidity subtraction method (Table 9). 
The total turbidity at pH 4.8 is measured in 
the same way as described above. Next the 


An Improved Method of Colorimetric Determination of Vanadium 


Table 9 


Turbidity Subtraction Method 


Zn, Pb, 
y. ¢. E (mixed E@ue Eof Pb, PP. Pb 
500 500 turbidity) to Pb) calc.) (found), (error), 
. mb r r 
0 0.289 0.031 — _ 
50 «0.543 0.167 0.136 52 
5 100 0.750 0.339 0.308 118 
200 0.894 0.591 0.560 214 
0 0.360 0.016 — — 
50 860.759 0.161 0.145 53 
0 100 0.275 0.265 0.249 95 


® tot tow 8 
aa ao ur 


t 
Oo © 


remaining turbidity is again measured after 
the turbidity due to zinc has been eliminated 
by the addition of 8 ml. of saturated ammonia 
solution and 2ml.of 1N potassium hydroxide 
solution. 

Zinc is calculated by subtracting the value 
from the total value using the empirical stand- 
ard curve previously constructed. Lead is also 
determined with. the standard curve since it 
conforms with the law in the case where zinc 
less than 40 in 50 ml. is present with 100 7 
lead. 


The author’s heartfelt and endless gratitude 
is ‘given to Professor Kenjiro Kimura for his 
encouragement and suggestion through this 
investigation. 


Chemical Institute, Faculty of Science, 
the University of Tokyo, Tokyo 


An Improved Method of Colorimetric Determination of Vanadium 
in the Presence of a Relatively Large Amount of Iron 
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Introduction 


The following is a description of an improved 
method for the determination of vanadium in 
the presence of a comparatively large amount 
of iron, which is originated by Sandell“ and 
considered to be the most accurate and most 
easily manageable one by which chromium and 
molybdenum are simultaneously determined in 
silicate rocks. This method proposed by San- 


(1) E. B. Sandell, Ind, Eng, Chem., Anal. Ei, 
8, 336 (1936). 


dell for the element in silicate rocks is a com- 
bination of the reaction with oxine reported by 
Montequi and Gallego and the color reaction of 
phosphotungstic acid with the element reported 
by Vinogradov. It suffices for the deter- 
mination of as little as 0.001% of vanadium, 
0.001% of chromium and 0.0001% of molyb- 
denum in a sample of only one gram. 


(2) R. Montequi and M. Gallego, Anales soc. 
espan, fis, quim., $2, 134 (1934), 

(3) A. P, Vinograbov, Compt. rend. acad. sci. U. 
R. S. S., 1981 A, 249. 





154 Yukio Murakami 


The outline of this method is as follows: 
the melt from the carbonate fusion is leached 
with water and filtered after adding alcohol 
to reduce the manganate produced. The 
filtrate, containing chromate, vanadate and 
molybdate, is diluted conveniently in a measur- 
ing flask up to a definite volume, say to 100 
ml. For the determination of vanadium, a 
stable aliquot portion of the solution is taken 
(usually 10 ml.), neutralized to methyl orange 
with sulfuric acid and extracted with chloro- 
form after the addition of 2.5% of oxine in 2 
N acetic acid. 

The residue resulting from evaporation of the 
chloroform extract is ‘fused with sodium car- 
bonate to convert vanadium into sodium vana- 
date, and the melt then dissolved with water. 
The solution obtained is colorimetrically deter- 
mined by the coloration of intense yellow to 
orange due to the formation of vanadophos- 
photungstic acid, after treated with sodium 
tungstate and phosphoric acid in the acid 
medium. 

When the author tried to use this method 
for the determination of the element in brown 
coal ash, he occasionally experienced a serious 
interference from iron. He conducted a number 
of experiments and succeeded in devising a new 
method, by which the interference from iron 
can be avoided and fairly good results are 


obtainable. . 


Experiment 


The Presence of Ferrous and Ferric Iron 
in the Aqueous Extract from the Sodium 
Carbonate Melt.—In Sandell’s original report 
there were instances in which, it was mentiond, 
ferric iron diminished the color of vanadophos- 
photungstic acid and made the results low. The 
amount of iron going into the filtrate from the 
sodium carbonate melt of an igneous rocks,’ 
however, is too smail to cause any appreciable 
error and hence no quantitative data on its 
interference have been given. 

In the analysis of brown coal ash the inter- 
ference of iron which passed into the extract 
seriously affected the color reaction. Contrary 
to the general belief, the amount of iron is 
considerably large, as shown in Table 1, even 
when the determination was performed by the 
approved method, volumetrically or colorimet- 
rically, using a good quantitative filter paper. 

It was found that in 100ml. of the extract 
made from the melt of the mixture of sodium 
carbonate and 1gram of brown coal ash, n to 
O.nmg. of iron was usually present, resulting 
a serious interference. Yet the use of niter to 
oxidize iron is undesirable on account of its 
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Table 1 


Iron in the Filtrate 


Iron in leached 
solution (i g. 
ash used), ry 


Fe++ 275 colorimetrically 
Fe++ 469 y 
Fe*+* 2125 4 
Fe** 1252 volumetrically 
Fet+* 6904 ? 
Fe** 2091 7 
Fe*+ ++ 1308 a 
50 Total Iron 187 colorimetrically 


— Ion 


Remarks 


action on the platinum crucible to develop a 
yellowish coloration which may be injurious 
for chromium to be simultaneously determined 
in the same sample. The presence of iron in 
the filtrate is presumably due to the peptization 
of hydrous ferric oxide by silica. In 
quence, the greater the content of iron in the 
sample is, the greater and more serious inter- 
ference may be expected. 

The Action of Iron on the Coloration.— 
A suitable portion of vanadium standard solu- 
tion was taken and the following amount of 
ferric iron added to it. Then vanadium deter- 
mination made, the conditions 
mended by Sandell being followed. The results 
are given in Table 2, in which the value was 
taken soon aiter the formation of vanadophos- 
photungstic acid without heating the solution 
as described below. 


conse- 


was recom- 


Table 2 
Interference Due to the Presence of Ferric Iron 
Presented Added Found Error, 
(y as V20,) (y as Fe) (y as V20,) ————_—___ 
18.9 24.3 — 1.07 — 3.9% 
18.9 41.: — 5.3 —Il1.4 
37.5 40. — 5.7 —12.3 
56.8 36. — 9.7 —20.9 
2000 34.i —36.0 —51.4 


2000 72.3 —59.1 —44.9 


It was found that the presence of ferric iron 
apparently leads to lower result. 

Ferric iron as well as vanadium easily react 
with oxine at the pH recommended, Of course 
the greater part of iron oxiquinolate, extracted 
together with vanadium, is removed in the 
second carbonate fusion, though a small part 
of it might still pass into the water extract 
solution. The second carbonate fusion of oxi- 
quinolate to convert vanadium to vanadate 
should therefore be cautiously performed. 
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The interference caused by ferrous iron was 
found to be different, however, when it was 
tested in the same way as ferric iron. Ferrous 
iron does not react with oxine under the con- 
dition described, but it easily reduces vanadate 
to vanadyl ion which does not react with 
oxine. Consequently it seriously leads to lower 
results to such an extent as shown in Table 3. 


Table 3 
Interference due to the Presence of Ferrous Ion 


Added 
ferric ion 
(y as Fe) 

6.8 21.0 
13.7 15.0 


Found 
(y as V2.0 3) 


Presented 


(r as V2O;) Eerror, 


TN, 
—24.07 —53.3% 
—30.0 —66.6 
34.0 11.0 —34.0 —77.5 

i) 9. —36.0 —80.0 

“6 dl. —- 1.0 —1.9 

45. — 7.0 —13. 
48. = 40 — 7%. 

=—33.0 —é8. 
13.0 —39.0 —74.9 


It is evident that the interference due to 
ferrous iron is more serious than that of ferric 
iron. Next, it was found that the interference, 
due to ferric ‘von in the solution with which 
the color comparison should be made, can be 
reduced to some extent by heating and keep- 
ing it on standing for a while. 

The results are the same as given by Wright 
and Mellon in which 10 mg. of ferric chloride 
with 0.0025 mg. vanadium change the hue of 
color in comparison with the standard solution 
free from iron, but by heating the solution 
before the comparison is made, the interference 
can be, to some extent, diminished. 

The Oxidation of Vanadium.—It is evi- 
dent from the above statement that in the 
presence of ferrous iron, the oxidation to vana- 
date from vanadyl] ion is necessary for secur- 
ing good results. This is easily accomplished 
by the addition of just enough potassium per- 
manganate (0.01 NV) to hot solution, though an 
excess of it is injurious owing to the destruc- 
tion of oxine and the darkening the coloration. 
After the addition of permanganate, cool the 
solution to room temperature, filter and then 
follow extraction with oxine as described below. 
It is evident from Table 4 that the oxidation 
is useful in these cases. 

The Separation of Iron from Vanadium. 


(4) Lundell, Hoffman and Bright, Ind. Eng. 
Chem, 15, 1064 (1923). 

(5) E. R. Wright and M. G. Mellon, Ind. Eng. 
Chem., Anal. Ed., 9, 251 (1937). 
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Table 4 
Oxidation of Vanadium with Permanganate 
Presented Found, Error, 
(r as V20;) (yas V20,) r 
131.6 vanadyl 0 — 
134.9 
128.6 —3.0 
131.5 —0.1 
0 “= 
69.5 —-1.0 
72.0 —1.5 
71.0 —0.5 


67.9 


Ion Remarks 


not oxidized 


—3.3 


—2.6 
202.1 70.5 — 
197.5 —4.8 
199.3 
202.8 
204.7 


vanadate 
and 
vanadyl 


—Vanadium and iron react with oxine at the 
intermediate color of methyl orange (8.1 to 4.4) 
as the reactive pH range of iron with oxine is 
2.8 to 11.2 and that of vanadium, from 2.7 to 
6.1.© Thus iron extracted together with vana- 
dium results in the error as shown 
already, even though only a small part of it 
might pass again into the water extracted solu- 
tion through the melt of the second carbonate 
fusion. With the increase in the amount of 
iron, the more is the possibility of the inter- 
ference. Therefore if a considerably large a- 
mount of iron is present, preliminary separation 
is essential. The following “procedure has been 
devised which is based on the fact that only 
iron reacts with oxine in an alkaline medium. 

The solution is made faintly alkaline to 
phenolphtalein with sodium hydroxide and iron 
is extracted with chloroform after adding 2.5% 
of oxine in 2 N acetic acid solution (Fraction a). 
Next the solution is buffered at pH 3.8 with 
2.5 ml. of sodium citrate™ and 10 ml. of 0.15 
N acetic acid, and vanadium is extracted in 
the same way (Fraction b). 

The fraction (a) as well as (b) prepared from 
the model solution containing the two elements 
in various concentration were thus tested. Then 
this method of separation was applied to the 
analysis of two samples of the brown coal ash 
(No. 5 and No. 7). Vanadium could not be 
spectroscopically found in fraction (a) of both 
samples while iron was detected only in frac- 
tion (b) of No. 7. It is hereupon confirmed 


serious 


(6) H. Goto, J. Chem. Soc. Japan, 54, 314 (1935) ; 
K. Shiba, Repts. Tokyo Imp. Ind, Research Lab., 27, 
216 (1932). 

(7) Dissolve 4.20 g. of citric acid in 40 ml. of 
1 Nsodium hydroxide and dilute to 200 ml with 
water, 
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that practically complete separation was ac- 
complished by this method. 


Table 5 


Spectroscopic Results Obtained with Model 
Solution Containing the Two Elements 
Spectroscopic 

results (in oxine 

extract at pH 10.8) 


Iron (III) Vanadium 


ra] ‘ 
Sample (y as Fe) (7 as V20,) 


$3.3 60 
25.9 120 
18.5 180 


) vanadium was 
J not detected 


This method of separation is preferably used 
after oxidation, when a considerable amount 
of iron is present: e. g., in the determination 
of vanadium in magnetite sand and other 
materials abundant in iron. 

Procedure.— A preliminary separation of 
iron from vanadium as mentioned above is 
recommendable, though this procedure is not 
always necessary except when the sample is 
exceedingly rich in iron. The following will be 
a detailed description of the procedure, though, 
for practical application, an appropriate abbre- 
viation in the procedure is permissible, depend- 
ing upon the quality of the sample to be 
tested. 

The water leached solution from the melt of 
carbonate fusion is made up to a definite 
volume (say 100ml.) and an aliquot portion 
(10 ml.) is taken. Then it is made slightly acid 
with dilute sulfuric acid and boiled with the 
addition of potassium permanganate solution 
just sufficient to oxidize. (Don’t add in any 
excess). After cooling and filtering using a 
glass filter, it is made slightly alkaline with 
sodium hydroxide. The compound of iron 
formed with 2.5% of oxine in 2 N acetic acid 
is extracted by the chloroform. 

Next the solution is buffered at pH 3.8 with 
2.5 ml. of sodium citrate and 10 ml. of 0.15 V 
acetic acid in the order given. Vanadium is 
then extracted by shaking with 2 ml. of chlo- 
roform and 0.1ml. of 2.5% of oxine in 2N 
acetic acid. Repeat the extraction three times 
in the same way. The last chloroform extract 
should have a faint yellowish coloration due 
to the excess of oxine itself. The chloroform 
extract is drawn off into a platinum crucible, 
to which 1 ml. of chloroform used to rinse the 
stem of the funnel is added. 

Then to the crucible is again added 0.10 gram 
of anhydrous sodium carbonate and the solution 
is gently evaporated on a water bath. A suf- 
ficient care must be taken during evaporation 
because of the tendency of the extract of creep- 
ing up the wall of the crucible. Then it is 
fused thoroughly and warmed after adding a 
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little water to hasten the dissolution of the melt, 
After cooling, it is filtered through a filter paper 
treated with 10% of sodium carbonate solution. 
The solution should be colorless and free from 
any marked turbidity at this stage. 

The following reagents are added in succes- 
sion to the filtrate, mixing after each addition: 
1lml. of sulfuric acid, O.lml. of 85% of 
phosphoric acid and 0.2 ml. of 5% of sodium 
tungstate solution. The solution is gently 


Table 6 
Reproducibility 
Present, Found,;y Error,y 
}(as V20,) (as V20,) (as V20.) 
70.5 72.4 9 


70.0 . 
"9 @ 2.) ammonium 


in . | metavanadate 


Remarks 


67.6 2.9 

vhs .6 

131.6 133. 
182.é 

131. 

129. 

69.0 67. 
(mean value) 70. 
8. 

69. 

138. 

139. 

138. -l. 

136. —3.4 

139. +0.3 


lg. of rock powder 
(Olivin basalt) was 
used 


vanadium standard 
solution is added 
to the water lea- 
ched solution of 
the above rock. 


ow mB wT @ ¢ 


Table 7 

Vanadium Determination in Various Samples 
Sample Found,; Content 
taken, g. (as V20;) % 
1.0583 500 0.047 
1.0583 480 0.046 
1.0484 108 0.010 
1.0567 0.010 
1.0703 0.012 
1.0197 0.011 
1.0069 0.053 
1.0069 0.053 
1.5006 0.0048 
1.5006 0.0045 


Sample 


Brown coal ash No, 1 


Olivin basalt 


Hypeithene dacite 
obsidian 0.0051 
0.0047 
0.0038 
0.0041 
0.0041 
0.076 
0.073 
0.0063 
0.0059 


1.0004 
1.0002 
1.0014 
1.0013 
1.0035 
0.9540 
1.0005 
0.9942 
0.9942 


Nepheline basalt 


Iron sand 


Leaves of white birch 
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warmed to hasten the formation of vanado- 
phosphotungstic acid. Thus vanadium is 
determined by using S 43 (434 my) filter with 
Pulfrich photometer. 

Results.—A number of experiments were 
conducted on the reproducibility of this method 
as shown in Table 6. Preliminary separation 
of iron from vanadium was not adopted except 
in a single case, but oxidizing procedure was 
applied in these cases. Thus the vanadium 
contents in magnetite sand, rock, leaves and 
brown coal ash were determined with satis- 
factory results as shown in Table 7. 


Summary 


Contrary to the general belief, the author 
confirmed the presence of iron in the filtrate 
from the carbonate fusion melt of brown coal 
ash or rock. The interference leading to lower 
results due to ferrous iron is more serious than 
that due to ferric iron as the vanadate ion is 
reduced to vanady] when acidified with sulfuric 
acid. Consequently the oxidizing procedure 
with potassium permanganate is required to 
diminish this undesirable effect. If a con- 
siderably large amount of iron is present, it is 
necessary to make a preliminary separation of 


Introduction 


In 1900, Cazeneuve™ discovered diphenyl- 
carbazide which reacts with sexavalent chro- 
mium in acid solution giving an intensely 
red-violet oxidation product. Since then many 
successive workers? had employed this sensi- 
tive color reaction in determining a minute 


(1) P. Cazeneuve, Bull. Soc. Chim., (3) 28, 701 
(1907); Compt. Rend., 181, 346 (1900). 

(2) A. Moulin, Chem. News, 9, 320 (1904); 
Mutger and Zon, Ind. Eng. Chem., 4, 493 (1921); 
B. S. Evans, Analyst, 46,285 (1921); N. M. Stover; 
J. Am. Chem. Soc., W, 2363 (1928); B. Jones, 
Analyst, 55, 318 (1930); F. Feigl, Ang. Chem., 44, 
741 (1931). 
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iron from vanadium in a slightly alkaline me- 
dium with oxine and chloroform. Hence the 
vanadium determination can be carried out 
following the directions recommended. 

The separation method proposed by the au- 
thor was spectroscopically tested and it was 
shown that a larger amount of iron can be 
separated without any trace of vanadium being 
carried down. However this procedure is not 
always required and can be eliminated as the 
quality of the sample to be tested varies. 

The interference due to the presence of ferric 
iron can be reduced to some extent, even when 
a considerably large amount of iron is present 
in the solution prepared for the color com- 
parison, by warming it and keeping it on stand- 
ing for several minutes. Some experiments 
on the determination of the vanadium content 
of various samples were also conducted, with 
the results that the modified method can _ be 
used as well with a considerable accuracy. 


The author gratefully acknowledges many 
valuable suggestions and kind guidance given 
by Prof. Kenjiro Kimura. 


Chemical Institute, Faculty of Science, 
the University of Tokyo, Tokyo 


amount of chromium. Sandell® described a 
useful and accurate colorimetric method of 
estimating chromium in silicate rocks with this 
reagent, stating that a total sample of one gram 
is sufficient for the determination of as little 
as 0.001% of chromium. 

In Japan, there have been some studies 
made on the chromium content in hot springs, 
coal ash, oceanic muds and volcanic rocks by 
applying this method. A remarkable conclu- 
sion through these series of studies is that the 
chromium content is so exceedingly small that 
the element is scarcely noticeable in several 
samples tested. It becomes of importance 
and interest, therefore, to study whether this 


(3) E. B. Sandell, Ind. Eng. Chem., Anal. Ei, 
8, 336 (1936). 














158 Yukio Murakami 


scarcity is duefto a characteristic of the sample 
tested or a defect in the method of determina- 
tion used. During the author’s geochemical 
investigation of chromium in Japanese brown 
coal, he gave a thorough study of this colori- 
metric method, because Sandell described the 
tendency of this method to give lower results 
in the chromium content, without giving any 
numerical data. The author found, too, that 
there was a tendency to lower results in this 
colorimetric method. Hence a number of ex- 
periments on this problem were conducted and 
it was found that this method can be improved 
to a certain extent by introducing oxidation 
with sodium peroxide, prior to color compa- 
rison. 

The oxidation method for this purpose was 
tested using several oxidizing agents, and sodium 
peroxide in alkaline medium as well as potas- 
sium bromate in an acid medium were finally 
found most recommendable, though only the 
former will be described in this report. 

In fact, the author was able to obtain re- 
markable results on the occurrence of chromium 
in Japanese brown coal and others, which evi- 
dently differ from those previously reported. 
These results will be given in another com- 
munication.‘!’ In this report, some sources of 
errors in Sandell’s method are pointed out and 
an improved method will be described. 


Experiment 


In this color reaction chromium should be 
in the sexavalent state. But, in successive 
procedures recommended, there are some pos- 
sibilities of reduction of the chromate formed 
in carbonate fusion to chromic ion. The pos- 
sibilities are (a) the presence of alcohol added 
to reduce manganate before the melt is leached 
with water, (b) the presence of iron, especially 
in ferrous state, contrary to the general belief, 
in a water-leached solution as reported by the 
author in his study of colorimetric deter- 
mination of vanadium, (c) the inevitable contact 
of oxine and chloroform necessary to remove 
vanadium before the color comparison is made 
and (d) filtration through a filter paper to 
remove the droplets of chloroform. Naturally the 
purity of the reagents is taken into a sufficient 
consideration, but nevertheless it is difficult 
in actual practice to obtain entirely satisfactory 
reagents freed from impurities; hence it will 
cause other possibility of reduction. 

The error due to the reason mentioned in 


(4) Y. Murakami, this Bulletin, in press. 
(6) Y. Murakami, this Bulletin, p. 153. 
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(a) may be avoided by the careful addition of 
alcohol to reduce any manganate formed in 
the fusion. But to add alcohol just enough to 
reduce the manganate is a considerably diffi- 
cult procedure, because even as little as a drop 
in excess will reduce the chromate. 

Next quinquavalent vanadium interferes by 
reacting with the reagent in acid sojution giving 
a strongly yellow-colored compound, and it is 
therefore necessary to remove it previously 
from the solution by the addition of oxine and 
the extraction with chloroform of the compound 
thus formed. But Sandell reported that sex- 
avalent chromium is not reduced in this pro- 
The author’s opinion, however, is reverse 
to this statement. 

On this ploblem, the study set by Hackel 
may support the author’s opinion that sexa- 
valent chromium is easily reduced in an acid 
medium during the course of extraction. The 
author has experienced the reduction of this 
kind many times in the geochemical study 
of brown coal ash. Of course, unnecessary 
standing in contact with oxine after shaking 
to separate water layer from that of chloro- 
form must be avoided. But it is difficult 


cess. 


to separate the chloroform-water interface in 
a short time, as the trouble is caused by the 
prevention of coalescence of chloroform drop- 


lets after shaking. 


Table 1 


Reduction Caused by Contact with Oxine 


Time in 


1romi 
Chromium poner ie 


passant, os with oxine, 
Cr20;, T br. 


121.7 L 


Error due to 
reduction, + 


Chromium 
found, + 


113.3 
2 103.8 
5 99.3 

18 87.0 


Errors due to the reasons shown (b) and (d) 
will be discussed below. 

Reduction by a Filter Paper.—Owing to 
a partial reduction of the chromate when a 
filter paper is used for the chromate solution, 
low results“ may be obtained. This defect is 
produced in the case of acid medium and, even 
in alkaline solutions, it being more marked with 
a hot rather than a cold solution. 

Therefore a sufficient care must be taken to 
avoid this defect which evidently becomes a 


(6) O. Hackel, Z. anal. Chem., 109, 91 (i937). 

(7) H. Jervis, Chem. News, 77, 133 (1898); A. 
Allison, ibid.,.96, 1 (1907); R. S. McBride and J. 
A. Scherrer, J. Am. Chem. Soc., 39, 928 (1917). 
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cause for a serious error, especially in a deter- 
mination of a minute quantity of chromium. 


Table 2 
Reduction Due to a Filter Paper 
With 10% Acidity of the solution before filtering 
Expt. I Expt. II 
Alka- Neu- ,..... Alka- Neu- , -a: 
line tral Acidic line tral Acidic 
80.77 79.67 71.67 19.57 18.27 15.07 


81.6 — 81.6 20.3 — 20.0 





sodium 
carbonate 
solution 


Not 
digested 
Digested 


It is necessary to remove the reducing mat- 
ters in the filter paper in advance by digestion 
with a sodium hydroxide solution.“? In order 
to obtain more accurate results the author 
recommends the washing of the filter paper 
previously with a 20% sodium carbonate solu- 
tion as prescribed by Sandell and also the 
filtering of the solution containing chromate 
at room temperature. 

Interference with Iron.-—The coloration of 
chromium reacting with diphenylcarbazide is 
reliable only when it is present as sexavalent 
ion in acid medium. The author has already 


Table 3 


Interference Due to Ferric and Ferrous Iron 


Present Found 


(as Interfering (as ij 
Cr,0,), ion, 7  Cr0,), Difference, Remarks 


T —— T 
20.0 444 Fe 
888 7 
100 Fe 
200 ? 
400 7 
76. 
153. 
230. 
76, 
153.6 
230. 
76, 
158. 
230. LS ° , 
0 


_ 
to 
wo 
| 
“I 


FeC); 
2 


ih 
| 
= 


Fe-alum 
” 


a 
FeSO, 

UA 

a 
FeSO, 

av 

a 
FeSO, 

? 


ft ee ed 
+ to on 
“I @ 
| | 
“s te bo 


ogo & 
e @f * 


oo 
to or ke 


“I 6° 
. 
a 
ek 
—_ 
uo 
: 


_ 
Nw he 


(8) W. F. Hillebrand, U. S. Geol. Survey Bull., 
422, 147 (1912); R. S. McBride and J. A. Scherrer, 
loc. cit.; R. W. Curtis and J. Finkelstein, Ind. Eng. 
Chem, Anal, E”., 5, 318 (1933). 
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described that there are interferences with not 
only ferrous iron but also with, to a certain 
extent, ferric iron in the leached filtrate from 
the carbonate melt in the colorimetric deter- 
mination of vanadium.“ As this interference 
seems not to have been tested in the colori- 
metric determination of chromium by any 
others, a number of experiments have been 
carried out by the present author. 

It has been found that an error occurs with 
ferrous iron more seriously than with ferric 
iron as shown in Table 3. 

The presence of iron in the leached filtrate, 
contrary to general belief, results considerably 
from the peptization of hydrous ferric oxide 
by silica. It is reasonable to suppose that the 
reduction of chromate once formed during the 
carbonate fusion process may also occur owing 
to the presence of ferrous iron which is leached 
from the melt, when it is acidified. 


Table 4 
Rate of Reduction in the Presence of Fe 


Time, min. 0 5 10 20 60 


Found (as \ 
Cr.03), T 
Difference, 7 


c- -- ~ 
‘ ‘ 


10.6 6.0 o. a. dD. 
— 7.4 —12.0 —12.3 —12.3 —12.% 


Conditions: chromate present, 18.07 as Cr2g0,, 
ferrous iron added, 76.87 as Fe. 


Next a brief experiment on the interference 
of vanadium which form a strongly yellow- 
colored compound under the conditions recom - 
mended was carried out. It was shown that 
it is recommendable to remove vanadium by 
the addition of oxine as described, even if the 
amount of V.O, does not exceed that of Cr.Os, 
as it darkens the hue of the solution. Usually 
it gives an erroneous increase to the results. 
Besides these ions, other ions such as cited in 
the following table were tested for the inter- 
ferences which may be expected in the filtrate, 
but no serious interference was observed. 

Necessity of the Oxidation.—Some sources 
of errors, especially those responsible for a 
negative error due to the reduction of chromate 
to chromic ion in colorimetric determination 
by diphenylearbazide have been pointed out 
and examined, but some of the sources 
as described above may be easily avoided. 
However, the errors may be considerable in 
samples containing a relatively large amount of 
iron. Among a number of errors, this reduc- 
tion due to ferrous iron and oxine is especially 
fatal to the determination, although many 
other complicated factors also play a part in 
leading to erroneous results. 


The oxidation to chromate is_ therefore 
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Table 5 
Interference due to Vanadium and Other Ions 


Chromate Chromate 
present (as 
Cr20;) 7 


20.0 


Interfering 
ion, 7 


as V.0, 


Cr20;),7 
20.5 
20.3 
20.8 
20. 
21.1 


10 
20 
30 
40 
100 
300 
10 
0 
20 
76.8 
20 
0 


0. 


20.5 0 


20.3 


20 
76.8 
1K 


( 
7( 


V.0, 


Fe" 
V.,0, 
Fe" 
Cl- 

A I" 
Mg” 
PO,- _ 


+ 1. 


tin dt a a 


) 
) 
4100 

\ 76.8 
1000 0 
1009 
990 
1070 


19.8 
19.3 
19.6 
19.6 


0. 


we. Qi, 
required for accurate determination. Compara- 

tive studies on the oxidation method were 

performed and it was found that sodium per- 

oxide in an alkaline medium (or potassium 

bromate in the presence of sulfuric acid) is 

most appropriate for this purpose. 

Oxidation with Sodium Peroxide. — 
Sodium peroxide has been preferably used for 
the oxidation of chromium. Some workers 
have described that the complete decomposition 
of its excess is possible by boiling the alkaline 
solution for 10 to 20 minutes. However, 
others have described that the decomposi- 
tion is difficult only by boiling if not impos- 
sible. 

It must be remembered that in an acid solu- 
tion sodium peroxide or the resultant hydrogen 
peroxide will cause reduction of chromate, so 
that it should be expelled out of the alkaline 
solution before proceeding with sulfuric acid 
for its complete acidification. As it may be 
supposed that even a trace of it will cause a 
serious error in the microdetermination, a num- 
ber of experiments were carried out for it. To 
ensure a complete decomposition the addition 
of glasswool, active charcoal or manganese 
dioxide previously freed from contaminable 


(10) 
future. 


Ist application will be reported in near 


0. 
0.3 
0. 


A. 


— 10. 


» 
‘ 


— 0, 


found (as Difference, 7 


5 
8 


3 
1 


5 


Il 


6 


4 
4 


Remarks 


Sodium metavanadate 


Darkens the coloration 


Sodium metavanadate and ferrous sulfate 


Sodium metavanadate and ferrous sulfate 


Sodium metavanadate and ferrous sulfate 


Sodium chloride 

Aluminium sulfate 
Magnesium sulfate 
Sodium phosphate 


matters, was tried, vigorous and continuous 
strirring being made during the addition. As 
a result of these experiments manganese dioxide 
was found most suitable for this purpose. 

The effects of iron as well as vanadate ions 
were examined on the power to decompose 
hydrogen peroxide produced from sodium per- 
oxide. However, no significant interference 
was Observed. 

The reproducibility and accuracy of this 
oxidizing procedure are not necessarily suffi- 
cient as shown in the following table, but it 
may serve to remove the difficulties mentioned. 

Practically satisfactory results were obtained 
by the following procedure. Though a com- 
plete oxidation can be expected only when a 
sodium peroxide fusion is used instead of a 
usual carbonate fusion, the latter was preferably 
used as iron abundantly appears in the leached 
filtrate of a sodium peroxide fusion melt. 

Procedure.— After vanadium is extracted 
(as referred to in a separate report)“ as oxy- 
quinolate by chloroform, it is made faintly 
alkaline with sodium hydroxide. 

Add 0.05 to 0.01 g. of sodium peroxide to the 
alkaline solution and boil for approximately 
10 minutes, stirring continuously. If necessary, 
continue the boiling after adding some water. 
After the bubbling due to the decomposition 
of sodium peroxide has ceased, add a few 
lumps of manganese dioxide, previously freed 
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from all contaminable matters, which may start 
the bubbling again. 

Then cool the solution under tap water after 
the bubbling has almost ceased, filter off the 
manganese dioxide by using a filter paper 
digested with a 20% sodium carbonate solu- 
tion, and add 1.4 ml. of 4.N sulfuric acid. At 
this stage the total volume of the solution 
should not exceed 20ml. A mixture of 1 ml. 
of 0.25% solution of diphenylcarbazide in ace- 
tone (1:1), lml. of 6N sulfuric acid and 2 
to 383ml. of water is added. Then the solution 
is thoroughly mixed and made up to 25 ml. 
The red-violet color develops very rapidly and 
the comparison is made without unnecessary 
delay with Pulfurich photometer using 8 55 
filter (550 my.). 

To show the improvements made with this 
procedure, as compared with the old method, 
the content of chromium in brown coal and 
rocks was determined. This sufficiently proved 
the necessity of introducing the oxidizing process 
in the procedure. 


Summary 


The colorimetric method of determining chro - 
mium in silicate rocks with diphenylcarbazide 
has the defect resulting in a distinct tendency 


for producing slightly lower figures as recog- 


nized already. After a thorough study of the 
method the author pointed out the possible 
sources for the serious errors, especially for 
those which give negative results. Thus the 
oxidation method in an alkaline medium 
was proposed, which was compared with the 
widely used old method. 

The accuracy and reproducibility of this 
method are not entirely satisfactory but so far 
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“Table 6 


Improved Results with Oxidation Method 
and its Reproducibility 
Found Chro- 

Sample (as mium 
taken, g. Cr20,), content, 

r % 

No.1 1.0018 227 0.0227 
380 0.0373{ 
3.3 0.0003 
11.5 0.0011 a 


Sam ple Remarks 


Oxidation 
method 


Brown No. 2 1.1972 
coal 1, 0862 
ash =| No.3 1.0054 =. 22.50.0028 
1.0018 38.0 0.0038 

No. 4 0.7036 4.3 0.0006 

21.2 0.0030 

1.0797 270 0.0251 
306 0.0283 

Olivin basalt 1.0062 180 0.0175 
1.0062 225 0.0221 
224 0.0223 

210 0.0208 

1.0035 126 
146 0.0145 

144 0.0144 


Iron sand 


Nepheline 


bassalt 0.0126 


it will serve as the most accurate method. The 
content of chromium in brown coal in Japan 
determined by this oxidation method with 
sodtum peroxide will be reported in a later 
communication. 
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